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DISSOLVED NITROGEN, DISSOLVED OXYGEN, AND RELATED WATER
TEMPERATURES IN THE COLUMBIA AND LOWER SNAKE RIVERS, 1965-69

By

KIRK T. BEININGEN L/ and WESLEY J. EBEL
Fishery Biclogist

National Marine Fisheries Serv.ice
Biological Laboratory
Srattle, Washington 98102

ABSTRACT

Dats on the dissolved nitrogen, dissolved oxygen,
and water temperatures in the Columbia and lower
Snake Rivers from 1965 through 1969 are presented.
The data were compiled from field observations and
from laboratory analysis of water samples collected

at LO stations.

THTRODUCTION

A study of dissolved nitrogen su-
persaturation and its effect on
salmon {genus Oncorhynchus) and

‘steelhead trout (Salmo gairdnerl) in

the Columbia and lower Snake Rivers

was begun in 1965. Earlier observa-

tions by Westgard (1964) and B aley,
)=/ had

indicated the potential denger of this

s

7/ Fresent Address: Fish Commis-
sion of Oregon, Research Headquarters,
Route 2, Box 31-A, Clackamas, Oreg.

97015.

2/ G. B. Pauley, M. P. Fujiharsa,
and R. E. Nekatani. 1966. Salmon
prespavwning mortality studies at
Rocky Reach Dam and Priest Rapids Dam,
Washington, from Richland, Wash., 28
p. (Processed.)

condition to indigenous salmon popu-
lations. Primary ohjectives of this
study were (1) to esteblish causes of
gupereaturation of dissclved nitrogen,

(2) to measure the seasonal changes

in concentrations, and (3) to deter-
mine the effects of various dissolved
nitrogen concentrations on adult and
Juvenile salmon and steelhead trout.
Foel (1969) estzblished that spillway
discherge over dams created extremely
high nitrogen supersaturation during
the spring and summer from Grand
Coulee Dam tc the estuary. Beiningen
and Ebel (1970) described the near-
calamitous effects of high nitrogen
concentrations on fish in the Colum-
bia River.

This report presents bhasle data
of disgsoclved gag concentrations and
releted temperature observations from
1965 through 1969 in the Columbia and
lower Snake Rivers. We also describe



o part some of the equipment and
technicues used to fulfill the require
ments of this study. A complete de-

- geription of equipment currently

used for analyzing dissolved gases in
water will be given in a forthcoming
review of techniques by Rucker3/.

MATERTATS AND METHODS
Field Procedures

Samples were collected from LO
different stations. Table 1 liste
the sites in order according to
river kilometer (measured upstream
from the mouth); Figure 1 shows the
geographic location of dams and other
sampling sites. The use of aircraft
enabled samples to be collected from
all areas 1n one day.

~ All water samples were obtained
with a Van Dorn water sampler and
collected in standard 300-m/liter
glags-stoppered bottles. Each bot-
tle was flushed by at least a two-
fold displacement of sample water
with the discharge tube from the
sampler extended to the bottom of
the bottle. Care was taken to avoid
trapping air as the stopper was in-
serted. . Water temperature was
recorded at the time the sample was
taken with a calibrgted 0.1 C-
inerement thermometer placed in the
water sampler before withdrawing the
sample. The bottle was immedigtely
placed in an ice chest =0 that a
reduced ambient temperature minimized

3/ Robert R. Rucker, U.S. Fish and
Wildl, Serv., Bur. Sport Fish and
Wilidl., Western Figh Disease ILab.,
Seattle, Wash., veport iIn progress.

. any loss of dissolved gases.

Szmple
bottle number, temperature, and
depth from which the' sample was
taken were recorded for each station.
When required; a duplicate sample was
collected from the same cast of the
szmpler for later use in calibrating
our anslytical instruments.

Iaborstory Procedures

All analyses were performed as
quickly as possible (within 24 hr of
errival at leboratory) to lessen
deteriorgtion of water quality. When
no more than six samples were obtain-
ed gt one time, analysis was done
with a Van Slyke-Neill manometric
blood gas analyzer, modified for
water determinetions (Van Slyke and

Tedll, 1927).

Analysis of a large number of sam-
ples for dissolved nitrogen was done
by the gss chromatographic technique
described by Swinnerton, Linnenbom,
and Cheek (1962) but with a modified
Fisher blood gas analyzer (Ebel,
1969), Anslysis required only 10
min per sample.

While collecting samples for a
river survey we obtained duplicate

_gamples from gt least =ix stations

representing s range of expected
saturation values. The duplicate
samples. were used for two separate
celibretions. Determination of dis-
solved oxygen content wlth the Al=-
sterberg modification of the Winkler
method provided s religble check on

‘digsolved oxygen values obtained

with the Van Slyke apparatus. The
Van 8lyke values from three or more

. duplicate samples were then used %o

calibrate readings from the chroma-

" tographic gas partitioner.



PRESENTATION OF DATA

Sampling dates are arranged chro-
nologically in Table 2. The river
surveys are given first for each
year; surveys made at specific loca-

tions are arranged by river kilometer.

(in descending order) within each
calendar year. Tables 3 through 6
show date for 1965, Table T through
26 for 1966, Tables 27 through 69 for
1967, Tables TO through 81 for 1968,
and Tables 82 through 9% for 1969.

Primary data are the dissolved
nitrogen concentrations; dissolved
oxygen concentrations, companion
values obtained during anslysis, are
used as calibration factors. Dissol-
ved gas concentrations, expressed in
percentage saturation, are normally
used in discussing gas bubble disease
and are a function of temperature
and barometric pressure on the perts
per million (ppm) values. In this
paper, values were calculated on a
basis of 760 mm (sea level) pressure
and no corrections were made for
changes in barometric pressure from
weather or changes in sltivude.

Tahles used t¢ calculate oxygen
saturation values were from Elmore and
Hayes (1960) snd for nitrogen, from
Rucker {fcotnote 2).

Spillway discharge and total river
flow past the several dams in the sur-
vey areas are shown where applicable
t0 correlate changee in gas concentra
tions with changes in spill volumes.
River flow data were opbtained from
the U.S8. Corp of Army Engineers,
‘Beattle, Wash.
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SCALE IN KILOMETERS

Figure 1. —mHydroélectric dams and other sampling sites on the Columbia and lower
Snake Rivers; Table 1l identifies all sampling sites .by river kilometers.



Table l.--Locatior of sempling sites in the Columbia and Snake
Rivers; representstive sampling sites are shown by
number in Figure 1 :

Station River kilometer

code Sampling Site ' from Columbia
number ‘ River mouth
(Columbia River)
la Grand Coulee Dam--Forebay (Spillway side) 961.0
1b Grand Coulee Dam--Forebay (Powerhouse side) 961.0
2a Grand Coulee Dam-~Tallrace (Powerhouse side) 960.0
2b Grand Coulee Dum--Tailrace (Spillway side) ' 960.0
3a Chief Joseph Dam--Forebay (Spillway side) 878.1
3b Chief Joseph Dam--Forebay (Powerhouse side) 878.1
ha Chief Joseph Dam--Tailrace (Powerhouse side)
Ly Chief Joseph Dam~-Tailrace (Spillway side) 877.1
5a Colurbia River at Wells Dam site (prior to 4/68) 831.7
5b . Wells Dam--Forebay 831.7
6 Rocky Reach Dam--Forebay T64.5
T Rocky Reach Dam--Tailrace (Spillway side) - 763.4
8 Rock Island Dam--Forebay ©730.4
9 Rock Island Dam--Tailrace (Spillway side) © o T729.5
10 Wanepum Dam--Forebay 668.5
ila Priest Rapide Dam--Forebay 639.7
11b Priest Rapids Dam--{in Powerhouse Gatewell) -~ do
12 Priest Rapids Dam--Tailrace (Spillway side) 638.7
13 Columbia River--below Hanford (at Richland) . ~ Shi2
1lh4a Columbie River--above mouth of Yakima River 540.1
14b - In Yakima River mouth : 539.0
15 Columbie River--at Pasco .. 528,k
16 Columbia River--above mouth of Snske River 52l .1
(Snake River) - -
17 Lower Monumental Dam--Forebay 597.8
18 Lower Monumental Dam--Teilrace (Spillway side) 596.8
19a Tce Harbor Dam--Forebay (Spillway side) 538.2
19b Ice Harbor Dam--Forebay (Powerhouse side)
20 Ice Harbor Dam--Tallrace (Spillway side) 537.2
21 In 8nake River mouth 522.1
(Golumbia River) :
22 Columbia River--below SBnake River mouth 520.T7
- 23a McNary Dam--Forebay (Spillway side) 470.6
23b McNary Dam--Forebay (Powerhouse side) 470.6
23¢ MeNary Dam--Upstream End of North Filgsh Ladder do
234 MeNary Dam--Downstream End of North Fish Ladder do
23e MceNary Dam--Upstrean End of South Fish Ladder do
P3f McNary Dam--Downstream End of South Fish Ladder do
2us, McNary Dem--Teilrace (Powerhouse side) Leg .6
2hp McNary Dem--Tailrace (Spillwey side) L69.6
258 ¢olumbia River at John Day Dam site (prior to 4/20/68 only)
25k John Day Dam--Forebay (Center) 347.6
25¢ Joln Day Dam--Forebay (Spillway side) 347.6
254 . John Day Dam--Forebay (Powerhouse side) - 347.
25e John Day Dam--Upstream End of North Fish Ladder

25¢ ‘ John Day Dam--Downstream End of North Fish Ladder



Table 1.-~Gon.

1

Station | - ' . River. kilometer

code o Sanpling Site ‘ : from §olumbia
nuber _ . ' ‘River mouth
' 25& John Day Dem--Upstream End of South Fish Ladder
25k, -~ John Dey Dam--Downstream End of South Fish Ladder
2be..  John Dy Dam--Tallrace EPowarhouse side) . '346.6
26%  John Day Dam--Tailrace (Bpillway eide) 346.6
27  Columbia River--at Biggs Junction : . 334.9
28 The Dalles Dam~-Forebay ' - .308.8
- R The Dalles Dam~-Tallrace (Spillway side) - 307.8
30 . Colimbila River--at Hood River : o 27e.T
la Bonneville Dem--Forebay (8pillway side) L 235,
31b Bonneville Dam--Forebay (Powerhouse slde) - 835.7
3ic Bonneville Dam~-Upstream End of North Fish Ladder do
314 ‘Bonneville Dam--Downstream End of North Fish Ladder  do
3le . Bonneville Dam~~Upstream End of Bradford Is. Fish - do
o Ladder
31 ‘Bonneville Dam--Downstresm End of Bradford Is. Filsh  do-
: : Ladder (8pilwsy side)
‘3lg Bonneville Dam--Downstream End of Bradford Is. Figh  do
| , ladder (Powerhouse side) :
38a, Bonneville Dem-~Tailrace (Powerhouse side) 23h.2
32b Boppeville Dam--Tailrace (Spillway side) ‘ ' 234.7
33a Columbia River--gt Waghougal 195.9
33b In Washougel River mouth :
33¢ In Camas Slough | o 190.1.
34 Columibia River~-at Vancouver . o “1TL.5
35 Golumbia River--at Prescott - 115.0
36 Columbia River--at Longview 108.0
37. Columbia River--at Westport Siough (Jones. Besach) 73.9
38 Columbia River--at Harrington Point (Estua:r‘:,r) - 37.8
39 Columbla River--at Tongue' Point , 29.3
ko Calum“bia R:!ver--at Astaria Bridge : : 22.1
‘//



Table 2.--Chronological order .of sampling dates

Site surveys

Priest Snake John The Bornne -
Year River JRapids River McNary Day |Delles ville Other
survey | Dam mouth Dam Dam Dam Dam
1965 6/10 6/15
11/15
12/16
1666 2/9 2/27-3/2  Grand Coulee Res. 5/k
S 3/7 3/10-3/11 Grand Goulee Dam L/27
L4/6 Chief Joseph Res. 5/2
L/18 Chief Joseph Dem 4/28
. Bnake River 5/23
5/9 Ice Harbor Dam 5/16-5/1
6/6 McNary Reservoir 6/8
7/11
8/1
9/6
10/2
11/7
1967 o 3/15
L/3 6/19 T/26 6/21 3/22
s/ 6/e2  8/9 6/29 - 3/23
5/t5  6/30  B8/15 /1 3/29
6/6  1/1 8/30 7/12 /5
6/e1  T/12 T/19 /12
7/5  8/8 7/28 4/19
7/19 8/ % /26
8/2 8/11. 5/3
8/23 _
9/5 8/17 5/10
10/3 8/22 5/17
9/1 5/25
9/7 6/1
B Sh T R 6%
19 5/7 T/1 19 23 5/2 g/e
6/4 7/23 6/25 7/9
T/1 7/30 7/9 T/19 T7/15
8/8 8/21 . T7/15 7/23  7/30
- 7/23
8/1
7/30 8/8
9/2 o/ 9/11
9/11 9/18
9/18 9/ok
9/o4
. 1969 L/ &/2k ¥iddle Snake River 3/
4/8 6/26 Washougal R. mouth
6/5 and 17
4L/16 Estuary 5/20
5/7
5/21
6/5
6/27
T/1
T/15
8/5




Table 3.--Limnological data--Columbia River June 10, 1965

Station : Total o .
code Dewth Temp. Svill flow Oxygen Nitrogen
number M. °C. 100 ¢.m.&. 100 c.m.s. P.p.m. Percent P.p.m., Percent
la 0 12.5 - 101.9 - 98
3a 0 12.2 - 106.7 B 113
6 0 13.1 - 120.5 - 117
lla o} 12.9 - 116.9 - 130
19a [oX 1.2 - 100.6 - 117
23a 0 16.6 - 115.1 - 118 .
28 -0 15.1 - 110.8 - 116
3la 0 15.1 - 113.0 - - 118
. ‘ 1 _
Table k. --Limnological data--Columbla Rivey November 5, 1965
Station Total . Nit .
code Depth  Temp. Spill flow Oxygen 1trogen
number M. °C. 100 c.m.s. 100 c.m.s. P.p.m. Perceat P.p.m. Percent
la 0 15.0 10.5 10h4.7 16.5 o7
2b 0 14.3 9.5 93.2 16.6 97
3a 0 1.2 9.6 93.9 17.1 99
Ly 0 14.1 9.5 92.8 16.9 98
6 0 13.7 9.7 93.9 17.5 101
7 o} 13.7 11.2 108.4 16.9 97
1la 0 14.0 10.5 102.3 17.7 102
12 0 13.7 10.3  99.7 17.2 99
23a 0 15.0 10.5 10k.7 17.5 103
28 0 13.9 10.2  99.2 17.7 102
3la 0 13.9 11.2 108.9 8.7 108
.- . : R ‘ - S
Table 5.--Limnological data--Columbia River, December 16, 1965
Station Total : .
code Depth  Temp.  Spill flow Oxygen Nitrogen
number M. °Cc. 100 ¢c.m.s. 100 c.m.s. P.p.m» Percent ~P.p.m. Percent
la 0 10.5 11.9 106.8 17.8 6
2b 0 9.6 12.0 105.4 1%.0 86
3a o} 9.1 10.3 89.4 18.3 96
by 0 9.3 10.7 93.3 17.4 92
6 0 8.9 11.3 97.6 18.% 96
T 0 8.9 12.5 107.9 18.5 o7
lla 0 8.6 11.6 99.4 18.4 96
12 0 8.3 114 97.0  18.1 ok




I
Table 6.--Limnological data--Bonneville Dam,June 15, 1965

Station Total

code Pepth  Temp. Spill flow Oxygen Nitrogen
number M. °c. 100 ¢.m.g. 100 c.m.s. P.p.m., Percent P.p.m. Percent
31a 0 14.5 - 100.0 - 107
31b. 0 1h,5 - 104,5 - 111
32a 0 k4.5 - 103.5 - 108
32b 0 1h.2 - 105.0 - 111
Table T.--Limnological data..Columbia River, February 9, 1966
Station Total ' .
code Depth Temp - Spill flow Oxygen Nitrogen
number M. °C. 100 ¢c.m.5. 100 c.m.s. P.p.m., Percent P.p.m. Percent
1s 0 2.7 12.h 91.2 21.0 96
18, 10 3.0 12.2 0.4 21.3 98
la 29 4.0 12.2 92.9 21.4 101
la 55 4.0 11.3 86.1 19.5 92
2b 0 3.2 12.2 90.9 20.9 97
3a 0 4.1 11.5 87.8 21.0 99
ha 0 h.p 11.5 88.1 - 21.3 101
Sa 0 3.9 11.2 85.0 . 18.7 88
6 0 h.p 11..0 8h.2 18.6 88
6 10 4.5 11.8 91.0 20.4 o7
7 0 L.2 11.8 90,4 20.1 95
8 0 L1 - - - -
8 10 h.5 12.0 02.6 20.1 96
g 0 .2 11.8 90.4 20.0 95
10 0 5.2 12.8 100.6 20.8 101
10 10 5.0 1.4 89.1 19.1 92
1lz 0 L.5 12.7 98.0 20.8 99
1la 10 4.5 12.kL 95.7 19.5 93
12 0 4.9 11.8 92.0 20.6 99
19a 9] 4.0 11.1 84.5 19.5 92
20 0 4.0 0 8.9 12.2 92.9 20.2 95
20 3 4.0 12.2 92.9 20.2 95
23a 0 4.9 11.8 92.0 20.3 98
23a 10 4.9 12.2 95.2 20.3 98
23b 0 k.9 12.1 ok .k 20.6 99
23b 3 h.g 12.2 95,2 19.9 96
2lp 0 5.4 0 32.2 12.4 g7.9 20,3 99
258, 0 5.0 12.5 7.7 20.2 9T
28 0 5.0 12.7 99.3 20.3 g8
28 10 5,0 12.7 99,3 2.0 101
29 0 L.9 0 33.8 13.2 103.0 20.0 96
- 3la 0 L.5 12.7 o8.0 - p2f.2 101
3la 10 4.6 11.8 9L.3 19.5 93
32b 0 4.8 0 34.8 12.h 96.4 20.0 - 9%
36 0 5.2 - 12.0 ok, 3 21.5 104
38 0 5.0 12.1 9k.6 21.6 104




Table 8.--Limnological data--Columbia River, March T, 1966

Station Total

roda Depth Tamp . Spil) Tlow Oxygen NTtrogen
number M. °C. LOO c.p.y. 100 c.umaisw Pup.m. Percent - P.p.m. Percent
la 0 2.7 12.2 89.7 20.0 92
la 10 2.7 12.2 89.7 20.3 93
2b 0 2.7 11.8 86.8 21.h4 98
3a Q 2.8 12.1 8g.2 20.9 96
3a 10 2.8 12.2 90.0 - 21.8 100
g, 0 2.8 - - 21.1 97
5a 0 2.8 - - - -
6 0 3.3 12.8 95.7 20.9 a7
6 10 3.3 12.4 92.7 - -
T o 3.3 - - 2L.3 99
8 0 3.3 11.9 88.9 20.5 95
8 10 3.3 12.3 91.9 20.7 96
9 0 3.2 12.9 96.1 - 21.9 101
10 0 3.h 12.9 96.6 2.3 99
lls 0 3.7 13.0 95. 20.1 9l
lla 10 3.7 13.5 102.0 - 20.2 95
12 e 3.8 12.7 96.2 21.4 101
13 0 6.4 - - - -
19a 0 h.2 11.8 90.4 20.2 06
19a 10 4.2 11..8 90.4 20.2 96
20 0 .2 0 7.0 11.1 85.0 19.4 92
23a 0 4,6 12.2 ol .4 20.3 a7
23a 10 5.0 - - - -
23b 0 k.9 - - - -
23b 10 4.9 - - - -
2ha 0 k.9 12.5 97.5 20.3 .98
2hb o} 5.0 o} 26.4 13.0 101.6 21.1 102
25a 0] 5.2 . - - - -
28 0 5.6 12.6 100.1 19.1 3
28 10 5.5 12.1 95.9 20.0 98
29 0 5.2 0 27.1 ~12.%4 97.5 20.2 . 98
3la 0 5.7 12.9 102.7 £20.0 98
32b 0 6.0 o} 2h.3 1h.6 117.2 23.2 114
36 0 5.8 12.1 96.6 20.3 100
38 0 5.8 11.8 Sl - -
4o 0 5.9 11.7 93.7 . 20.7 102




Table 9.--Limnological data--Columbia River, April 6, 1966

Station Total .
code Depth  Temp. 8pill Tlow Oxygen Nitrogen
nunber M. °¢Cc. 100 c.m.5. 100 c.m.g. P.p.m. Percent P.p.m. Percent
la 0 Tk 12.8. 106.5 21.5 109
la 10 4.8 12.5 97.2 20.9 100
la 76 4.5 21.1 93.4 22.3 106
2b 0 5.5 12.2 96.7 20.7 101
3a 0 5.7 12.7 101.1 20.1 98
3a 10 5.0 12.5 97.7 20,7 100
NS 0 5.3 13.¢ 102.4 21.1 102
5a 0 5.8 12.5 99.8 20.4 100
6 0 6.7 12.8 104.6 20.1 101
6 10 6.0 12.8 102.7 19.8 98
T 0 5.0 12.8 102.7 20.3 100
8 0 £.9 12.8 105.1 20.1 101
8 10 6.4 13.2 107.1 21.4 106
9 0 6.3 13.2 1.06.8 21.h 106 -
10 0 8.4 13.5 115.2 20.2 105
10 10 6.7 13.1 107.0 20.9 105
1lla 0 8.5 13.5 115.4 20.3 106
1la 10 6.8 13.3 1068.9 20.8 104
12 0 6.9 13.2 108.4 20.1 101
13 0 9.2 13.1 114.0 20.1 106
19a 0 9.4 11.3 98.8 = 19.7 104
19a 1.0 9.3 11.5 100.3 19.4 102
20 0 9.4 9.8 19.3 13.8 120.6 23.0 122
23 0 13.2 12.0 114.8 19.8 113
23a 10 10.4 11.2 100.4 20.2 109
23b 0 14,2 - ~ 20.1 117
23b 10 9.8 11.1 98.0 19.6 105
2ha 0 10.5 1.7 105.0 19.6 106
2l 0 10.6 0 42.8 11..8 106.2 20.1 109
258 0 10.9 ‘ 11.3 102.4 19.2 105
o8 0 10.8 21.1 109.4 18.8 102
28 10 10.7 11.3 102.0 19.5 106
29 0 10.8 0 46.3 11.0 99.5 19.6 107
3la 0 10.1 11.4 101.4 19.2 103
3la 10 10.0 - - - -
32b 0 10.2 10.6 hi.8 13.4 119.4 23.2 125
36 0 10.7 ‘ 1.0.6 95.7 18.9 103

il



Tahle 10.-JLimnological date--Columbila Riﬁen April 18, 1966

Station Total

code Depth  Temp. Spill flow Oxygen Nitrogen
numher M. °C. 100 ¢c.m.g, 100 ¢c.m.8. P.p.m. Percent P.p.m. Percent
la 0 7.5 12,2 101.8 . 19.5 99
La 10 6.8 12.6 1.03.2 20.0 1.00
la T6 5.1 13.7 91.7 £0.1 o7
2b 0 5.8 0 18.9 11.9 95.0 21.5 105
3a 0 6.8 : 11.4 93.4 20.9 105
3a 10 6.3 ' 12.3 99.5 19.5 97
ko 0 6.4 0 22.4 12.0 97.3 20.1 100
S5a 0 6.5 11.9 96.7 22.0 110
6 0 T.5 12.1 100.9 19.9 101
6 10 7.2 11.8 97.7 20.3 103
7 0 7.3 0 2h.3 12.3 102.1 = 21.9 111
8 0 8.1 13.0 . 110.1 19.6 101
8 10 - 7.8 : 7 Cole.T 106.7 20.2 103
9 o 7.3 0 al.7 12.86  106.2 19.6 9
10 -0 8.3 12.6 107.2 19.9 103
10 10 7.8 - - - -
1lla 0 8.3 12.2 103.8 18.9 o8
1la 10 8.4 _ : 12.6 107.5 19.9 103
12 0 8.3 17.0 hi.7 12.6 107.2 19.9 103
13 0 10.3 12.2 109.0 19.4 105
19a 0 10.3 11.3 101.0 19.0 102
19a 0 10.1 10.9 . 97.0 18.8 101
23a o 10.5 11.1 99.6 18.1 98
23a 10 10.5 12.8 114.9 21.2. 115
23b 0 10.5 11.9 106.8 18.9 102
23b 10 10.5 11.1 99.6 9.4 105
2ha 0 10.4 11.2 100.4 18.8 102
2Lb 0 10.4 0 33.9 11.1 99.5 18.6 100
25a 0 11.1 11.4 103.8 18.7 102
28 0 11.6 10.8 99,5 17.7 98
o8 10 11.5 11.7 107.6 20.2 .112
29 0 11.8 -0 3.7 - 11.4 105.6 19.2 1.07
3la 0 11.5 ‘ 11.0 101.2 18.7 103
3la 10 11.3 10.8 98.8 18.0 99
32b 0 11.6 2.6 36.1 12.9  118.9 21.1 117
36 Q 11.0 ‘ 10.6 96.4 18.8 103
38 0 11.2 10.5 95.9 19.4 106
38 10 1.2 9.2 8h.0 18.8 103




. 1 : .
Table 1l.--Limnological deta--Columbla River, May 9, 1966

Statlon Total

code Depth Temp . Spill flow Oxygen : Nitrogen
number M. °C. 100 ¢.m.8, 100 c.m.s. P.p.m, Percent P.p.m. Percent
la 0 15.3 10.6 106.3 16.5 98
la 10 11.8 11.0 101.9 18.4 102
2b 0 8.8 27.8 ht.2 13.3 114.6 22.7 116
3a 0 9.0 13.2 114.3 22.5 118
3a 10 8.5 : 13.5 115.4 . 23.1 120
kp 0 8.7 28.8 47.5 k.2 122.0 '23.3 122
" 5g 0 g.2 13.0 113.1 21.6 114
6 0 9.6 12.7 111.6 21.5 11k
6 10 9.3 o 13.6 118.6 23.0 122
7 ¢ 9.5 0 51.9 13.3 116.6 21.6 115
8 0 9.7 - - - =
8 10 9.5 14,2 124.5 23.6 125
9 0 9.6 57.6 13.6 119.5 21.3 113
10 0 11.4 12,4 113.8 21.5 118
10 10 10.2 12.8 114.1 19.9 107
1la 0 13.6 12.7 122.6 20.8 120
1la 10 10.8 12.9 116.6 20.8 113
12 0 10.9 © 21.9 56.1 13.3 120.6 20.9 114
13 0 ~12.3 12.5 117.2 20.3 11L
19a 0 13.6 10,5 101.4 19.1 110
19a- 10 i2.5 10.2 '96.0 18.6 105
20 o 12.8 19.3 31.0 12.2 115.6 19.4 110
238 0 16.4 : 12.1 12h.h 18.6 112
23b 0 1h.1 12.0 117.2 22.3 129
2ha 0 13.8 ‘ _ 11.8 11h4.5 19.9 115
oln 0 14.0 50.7 92.1 12.6 122.8 21.7 126
258 0 14.0 o 1il.4 111.1 19.3 112
28 0 14,1 12.1 108.4 18.6 108
28 10 1h.1 10.5 102.5 18.6 108
29 C 14,0 43.3 88.2 11..6 113.1 19.1 111
3la 0 13.8 ' 11.% 110.6 19.6 113
32b 0 13.8 " 50.7 87.3 12.8 12k.2 22.9 132
36 0 1h. 4 10.1 - 99.3 19.0 111

13



Table 12,--Limnological data--Columbia River, June 6, 1966

f

Station Total .
code Depth Temp » Spill flow Oxy gen Nitrogen
numbey M. °C. 100 e.m,s. 100 ¢.m.s. P.p.m. Percent P.p.m. Percent
la 0 12.5 10.9 102.6 19.6 110
la 10 10.7 _ : 1.4 102.9 20.2 110
2b 0 10.8 55.1 4.6 12.7 114%.8 22.4 122
3a 0 11.7 13.2 122.2 23.0 127
3a 10 10.3 : 12.7 113.5 22.6 122
lip 0 11.3  60.3 7.8 12.7 116.2 23.0 126
58 0 11.6 11.5 106.0 21.6 119
6 ¢ 11.9 12.0 111.k 19.8 110
6 10 11.5 - - 22 . 124
T o) 11.7 . 78.1 13.0 120.1 22.9 127
8 0 11.9 12.9 119.8 22.5 125
8 10 11.7 12.5 115.5 = 22.6 125
9 0 11.8 83.5. 13.0 120.4 23.8 132
10 0 13.3 12.5 119.8 22.6 129
10 10 11.7 13.1 121.1 23.0 125
lla 0 12.3 12.8 120.Q 23.0 129
1ls 10 11.7 : 12.8 118.3 22.6 125
12 e] 11.9 - h6,8 81.3 12.8 118.8 22.1 123
13 - .0 13.0 12.3 11i7.1 21.4 122
19a 0 15.1 9.2 91.9 17.0 100
19a - 10 13.7 9.8 g9k.9 18.3 105
20 0 13.7 Tk 18.6 9.5 92.0 17.9 103
23a 0 16.0 11.3 115.1 21.6 129
23a © 10 13.2 10.8 103.3 19.6 112
23h 0 1%.2 10.7 104.7 19.1 211
23b 10 13.2 11.1 106.2 19.7 112
23a 0 13.6 ' 11.6 112.0 19.5 112
2lp 10 13.6 50.1 99.7 12.4 119.7 21.6 124
258 ¢ 13.5 11.3 1.08.9 19.6 112
28 0 13.8 11.5 111.5 21.0 121
28 10 13.7 10.2 98.7 20.8 120
29 0 - 13.8 56.3 100.3 S11.4 110.6 | 21.1 122
3ls 0 ih,2 : 10.9 106.7 = 19.6 114
3la - 10 1k.2 11.2 109.6 19.9 116
3%b 0 k.2 7.8 102.0 12.6 123.3 23.7 138
36 0 1.4 10.9 107.2 20.7 121
36 10 4.2 - - 21.2 123
38 0 14,2 10.9 106.7 19.9 ‘116

38 0 14.0 10.5 102.3 20.1 116




k]

Table 13.--Limnological data--Columbia Riven July 11, 1966

Station ’ Totnl _ o ‘
cope Deprth Pemp Spill Il ow Oxygen NItrogen
e e M. “C 100 ¢.m.. 100 e¢um.is. P.p.m.  Percent P.p.m. Percent
la 0 147 11.3 111.9 19.2 113
la 10 1h.1 10.8 105.5 18.2 106
la 76 12.7 10.4 98.4 19.4 110
2h 0 13.5 ho.1 66.2 13.0 125.2 22.3 128
3a 0 13.8 13.0 126.1 23.1 133
3a 10 13.6 12.4 116.7 p2.2 128
Lp o 13.7 48.1 T1.0 13.0 125.8 22.2 128
5 0 13.8 12.4 120.3 22.0 127
.6 0 1.7 11.2 110.9 20.8 - 122
6 10 k.5 11.9 117.2. 21.0 123
7 0 14.5 68.5 12.0 118.2 21.7 127
8 0 1h.5 12.0 118.2 21.9 128
8 10 144 12.2 120.0 21..6 126
9 0 1.5 73.2 12.8 126.1 22.5 13L
10 0 15.3 11.7 117.4 21.4 127
10 10 14.8 11.7 116.1 22.4h 132
1la 0 15.4 11.8 118.6 22,1 131
1la 10 15.0 ) 12.4 123.6 21.8 129
12 0 15.3 36.3 T70.2 11..7 117.4 20.8 123
14b 0 15.8 11.9 120.7 20.1 120
19a 0 22.8 8.7 102.C 16.3 109
198 10 20.8 8.1 91.2 16.0 104
20 0 20.6 0 7.2 8.1 90.9 15.1 98
23e 0 18.8 10.7 115.7 17.3 102
23a 10 16.6 10.1 104.2 17.1 10k
23b 0 18.6 10.2 109.8 17.6 110
23b 10 16.5 il1.1 114.3 18.7 113
oha 0 16.9 11.8 122.5 21.1 129
2l 0 17.0 bt 76.1 11.4 118.6 20.7 126
258, 0 17.3 10.2 106.9 18.8 115
28 0 17.3 10.3 108.c °  17.3 106
28 10 17.3 10.0 104,58 17.8 109
29 0 17.0 ho.1 T7-T 10.3 107.2 19.1 117
3la ¢ 17.0 - ~ 18.8 115
3la 10 17.0 11.3 117.6 19.6 120
32b 0 17.0 45.9 80.1 11.9 123.8 20.3 124
36 0 17.4 10.4 109.2 20.2 124
36 10 17.4 11.5 120.8 19.7 121
38 0 1T.3 10.9 114.3 19.8 121
38 10 17.3 10.0 104.8 19.2 118

15
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Table Lh.--Limnological data~-Columbls River, August 1, 1966

Station Total
code Depth Temp. . Spill flow Oxygen Nitrogen
number M. °c. 100 ¢c.m.s5. 100 ¢c.m.=2. P.p.m. Percent P,p.m. Percent
la 0 17.86 C1l.1 117.6 17.1 106
la 10 17.2 10.5 109.8 18.8 115
la 76 14.8 9.3 92.3 20.0 117
3a 0 16.2 10.7 109.5 20.% 123
3a 10 15.6 10.8 109.1 21.8 130
kb 0 15.8 . 20.7 k1.3 11.6 117.6 21.7 1.30
5 0 16.2 . 10.6 108.5 20.8 125
6 0 16.9 10.8 112.1 21.8 133
6 10 16.9 10.4 107.3 19.7 - 119
T 0 16.7 0 43.6 11.1 114.8 19.8 120
8 0 17.2 12.1 = 126.6 20.9 128
8 10 16.7 11..1 114.8 21.1 128
9 0 17.0 . .0 45.3 11.2 116.5 20.0 122
10 0 19.9 10.4 115.0 20.5 131
10 10 17.2 10.5 109.8 19.9 122
1lla L0 19.2 ©10.3 112.3 20,8 132
lla 10 17.2 ‘ 10.8 113.0 18.7 115
12 o} 17.5 3.6 hh.o 9.7 102.1 18.2 112 .
1ha 0 18.2 10.8 115.4 18.6 116
19a 0 25.5 T.2 88.9 14.8 103
19a 10 23.3 6.4 75.7 1k.9 100
20 0 23.2 0 5.9 7.0 82.7 1%.6 98
23a 0 20.8 9.2 103.6 16.7 108
23a 10 19.1 10.1 109.9 16.6 105
23b 0 - 21.7 . 10.5 120.4 17.2 113
23b 10 18.7 9.3 100.3 17.6 104
2ha 0 9.2 . 9.3 10L.4 - 17.3 109
2hb G, 19.2 11.1 5h.1 10.8 117.8 - 20.2 128
25a 0 19.5 ' 9.8 107.5 7.6 112
28 0 19.2 8.9 g7.1 17.3 109
28 10 19.2 8.0 87.2 16.7 106
29 0 19.3 11.5 57.5 10.0 109.3 16.3 103
3la 0 19.2 10.2 111.2 - -
3la 10 19.2 9.0 98.1 16.6 105
32b 0 19.2 23.6 56.5 11.0 120.0 20.9 132
36 0 20.0 9.2 102.0 19.4 12k
38 0 20.0 7.5 83.1 17.8 11k
38 1C 20.0 8.8 97.6 19.3 12k




Table 15.~-Limnologizal data--Columbia River, September 6, 1966

Station Total .
code Depth Temp - Spill flow Cxygen ' Nitrogen
number M. °C. 100 c.m.g. 100 c.m.s. P.p.m, Percent P.p.m. Percent
e 0 20.5 7.6 85.1 16.3 105
la 76 16.3 8.2 8.1 17.0 102
2 o 16.4 0 19.5 9.0 92.5 18.2 110
3a C 17.6 8.9 93.9 7.7 109
3a 10 16.7 8.6 86.9 = 18.1 110
5a 0 1£.8 8.0 82.9 17.5 106
6 C 17.9 8.7 92.4 16.5 102
6 10 17.1 8.9 g92.9 17.5 107
T 0 17.3 0 22.0 9.1 95.4 i7.6 108
8 o) 17.5 8.0 Bh.o- 6.4 101
8 10 17.2 8.9 93.1 16.8 103
9 0 17.5 p2.3 9.2 96.8 16.L4 101
10 o) 18.¢ 9.2 97.9 16.0 99
10 10 17.8 9.4 99.6 17.1 106
ila 0 19.0 9.0 97.7 15.8 100
1la 10 17.6 9.7 102.3 18.2 112
12 0 17.8 . 23.2 - - 17.0 105
13 0 21.6 9.7 111.0 15.8 10k
19a ¢ 22.6 8.9 104.0 13.8 92
19a 10 21.1 T4 83.9 15.9 1Ok
20 0 20.9 0 6.2 6.5 73.h4 14.0 91
23a 0 21.5 10.7 122.3 15.4 101
23a 10 20.1 9.8 108.9 15.7 101
23b 0 21.8 1.0 126.k 15.3 101
23b 1C 20.4 9.9 110.6 15.9 103
2ha 0 20.1 9.1 101.1 16.4 105
ol 0 20,0 0.2 2.6 9.} 104,2 164 105
253 ¢ 20.4 9.4 105.0 - -
o8 0 20. 4 - - 15.7 101
28 10 20.4 9.1 101.7 15.1 97
29 o) 20.4 0 26,7 8.9 99.4 15.5 100
3la 0 19.6 9.2 101.1 15.4 o8
3ia 10 15.6 8.9 g97.8 1.6 93
32b 0 19.6 0.7 27.8 9.2 101.1 16.9 108
36 0 19.5 8.3 91.0 15.0 95
38 o 15.8 7.1 78.4 15.0 96
38 10 19.8 7.8 86.1 1h.6 93
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Table 16.--Limnological data--Columbia River October 2, 1966

Station T Total

code Depth Temp » gpill flow _ Oxygen ' Nitrigen
number M. °C. 100 ec.m.5. 100 c.m.s. P.p.m. Percent P.p.m. Percent
la 0 17.7 8.4 88.6 15.0 93
la 10 18.1 8.3 88.5 15.2 9k
la 76 16.4 7.9 81.2 15.2 92
2b 0 16.6 0 21.1 8.3 85.7 15.9 96
3a 0 16.5 : ' 7.7 79.3 1h.2 86
3a 10 16.2 : 8.2 83.9 - 1k4.9 90
bp 0 16.2 0 20.6 8.3 85.0 15.4 93
5a 0 16.1 : 8.2 83.8 15.5 93
6 0 16.5 8.2 8h.h 5.4 93
6 10 16.3 8.k 86.2 14,9 90
7 0 16.5 0 20.1. 8.5 &7.5 14.3 87
8 0 16.7 8.5 87.9 15.2 .92
8 10 16.5 8.5 87.5 14.8 90
9 e 16.6 0 20.5 9.1 93.9 15.3 93
10 0 17.6 8.5 89.7 16.6 102
10 10 17.0 8.5 88.4 15.0 92
1la 0 17.3 9.0 94.3 - 1h.3 88
1la 10 7.0 _ 8.8 91.6 15.2 93
12 0 17.0 0 23.6 - 8.7 90.5 15.4 oL
1ha 0 18.8 8.8 95.1 1k4.3 90
19a 0 20.5 6.8 76.1 13.4 87
19s 10 19.2 7.4 80.7 15.0 95
20 0 19.7 0 5.9 7.0 T7.1 1k, 92
23a 0 19.7 9.5 10k.6 15.3 o8
23a 10 18.6 8.6 92.6 14.3 90
23b 0 19.6 9.0 98.9 15.0 96
23b 10 18.6 - - - - -
2ha 0 18.6 _ 8.7 93.6 1k.5 91
240 0 18.8 0 2h.9 8.8 95,1 14.5 91
25a 0 18.2 8.3 88.7 1%.2 88
28 0 18.0 8.k 8g.k  1k.9 92
29 0 18.2 0 28.6 8.2 87.6 15.4 96
Jla 0 18.2 9.5 101.5 15.8 o8
3la 10 18.2 ' 8.7 92.9 k6 - 91
32b 0 18.2 0.7 29.6 9.1 97.2 15.8 98
36 o] 18.0 8.0 85.1 1k, g2
38 0 18.3 7.8 83.5 14,6 gL
38 10 18.3 T.7 82.4, 14.8 g2




Table 1T7.--Limnological data—-éolumbia River, November 7, 1966

Station Total

code Depth Temp . Spiil flow Oxygen | Nitrogen
numher M. °C. 100 ¢.m.s. 100 c.m.8. P.p.m. Percent P.p.m. Percent
Ta 0 1kh.5 8.5 63.7 16.8 98
la 10 14,8 . 8.1 80.4 15.1. 89
2 0 14,6 0 18.4 7.9 78.1 15.4 90
3a 0 14.9 7.9 78.5 15.5 .~ 91
3a 1.0 14.5 : 8.6 84.7 . 16.9 g9
L 0 1k4.6 0 16.5 8.9 87.9 16.8 a8
5a 0 1h.h 8.5 83.6 16.3 95
6 0 144 8.8 86.5 16.5 96
6 10 1%.0 8.5 8e.8 15.5 90
T 0 14.0 0 17.5 8.3 80.9 15.6 30
8 0 14.0 9.1 88.7 15.4 89
8 10 13.7 8.4 81.3 15.2 87
) 0 13.7 0 17.5 9.2 89.1 15.2 87
10 0 13.8 9.0 87.3 154 8g
10 10 13.3 9.1 7.2 15.3 87
1la 0 13.5 8.7 83.8 16.3 93
lia 10 13.0 8.5 81.0 15.5 88
12 0 13.2 0 21.5 8.6 82.3 15.6 89
1ke 0 15.5 8.8 88.7 15.5 92
19a 0 12.1 8.7 81.2 16.1 90
19a 10 11.9 9.3 86.4 17.6 o8
20 0 11.9 0 6.1 9.5 88.2 16.2 90
23a 0 13.4 10.5 101.0 18.8 108"
23a 10 12.9 10.1 96.0 17.6 100
23b o) 13.4 10.7 102.9 17.0 o7
23h 10 12.9 9.3 88.4 17.6 100
2ha 0 12.9 : 9.7 92.2 17.8 101
ol 0 13.0 0 25.7 9.9 9k.3 LT.7T 101
25a 0 12.3 10.6 99.3 17.9 100
28 0 12.2 10.1 Oh.hy 18.3 102
28 10 12.2 : 10.1 k. h 17.8 100
29 0 12.3 0 26.2 9.9 92.8 17.9 100
3le 0 12.4 11.0 103.3 7.7 99
3la 10 12.4 10.2 95.8 18.2 102
32h 0 12.5 ) 26.6 11.2 10k.5 - -
36 0 11.7 9.7 89.6 18.7 104
38 0 11.7 9.4 86.9 18.4 102
38 10 11.7 9.6 88.7 18.2 101
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Table 18.--Limnological data--Grand Coulee {Roosevelt) Reservoin May 4, 1966

Station Total

code Depth  Temp. Spill flow Oxygen _Nitrogen
number M. °C, 100 ¢.m.8. 100 ¢.m.s. D.p.m.,  Percemt P.p.m. Percent
1/ 1g 0 9.1 12.1 105.0 20.2 106
2/ 1f 0 12.2 12.4 115.9  19.5 109
1f 10 8.9 12.k 10h.1 19.9 104
3/ le o) 10.7 12.6 113.7 19.1 10k
le 10 8.6 12,2 10k.5  19.3 101
L/ 14 0 12.4 12.8 120.2 ' 18.7 105
14 10 9.2 12.2 106.2 19.9 105
5/ le 0 12.k 12.2 114.6 18.4 103
le 10 8.9 11.9 102.8 19.8 104
la 0 14.5 9.k 92.6 18.2 106
la 10 '10.3 10.3 92.0 "19.3 104
2b 0 7.9 14.0 117.9 22,1 113
1/ 1g - at Northport (River km 1, 181.9).
2/ 1f - Kettle Falls (River km 1, 124k.8).
%/ le - at Daisy (River km 1, 078.7).
5% 1d - at Spokane River mouth (River xm 1, 035.2).
le -

at Sanpoil River mouth (River km 991.8).

Table 19.--Limnological data--Grand Coulee Dam, April 27, 1966

Station ' Total '
code Depth Temp . Spill - flow - Oxygen Nitrogen

number ‘M. °C. io0 e.m.s. 100 c.m.s. P.p.m. Percent P.p.m. Percent
ia 0 8.7 o 11.8 101.4 19.9 - 104
la 10 7.8 12.4 104.2 21.4 110
1b 0 8.3 12.4 105.5 20.1 10k
1o 10 7.8 12.5 105.0  20.k4 104
2a 0 7.2 12.0 99.3 = 20.6 10k
2b 0 6.7 6.7 2h.9 15.6 127.5 . 25.5 128

1/ 2c 0 7.2 - - 15.1 125.0 25.1 127

l/ 0.5 kilometer downstfeam.
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Table 20.--Limnological data--Chief Joseph Reservoir May 2, 1966

!

Station Total .
code Depth Temp . Spill flow Oxyegen Nitrogen

numkter M. °c. 100 e.m.8. 100 e.m.s5., P.p.m. Percent P.p.m. Percent
la 0 11.6 ‘ 12.9 118.9 18.6 103
&b 0 7.5 6.7 14,7 123.5 2k.0 123

1/ 2c 0 8.2 14.9 126.5 23.3 120
2c 5 7.6 14.6 122.1 23.2 118

2/ 24 0 7.9 147 123.8 2k.0 123
24 10 7.8 14.8 124k 22.3 114

3/ 2e o 8.6 14.8 126.6 21.9 114
Ze 10 8.1 - - 22.2 114

4/ er 0 9.1 1k.8 128.5 ok.2 127
of 10 8.9 146 126.1 23.3 122

l/ Z2e-1k.5 kllometers downstream (River km 945.5).

3/ £d-29.0 xm downstream (River km 931.0).

E/ 2c-35.4 km downstream (River km 924.6).

L/ 2£-51.5 xm downstream {River km 908.5).

Table 21.--Limnological data--Chief Joseph Dem, April 28, 1966

Station Total .
code Depth  Temp. Spill . flow - Oxygen Nitrogen

numnber M, °c. 100 ¢c.m.s. 100 c.m.=. P.p.m. Percent P.p.m. Percent
38, 0 T.T 13.6 115.7 19.5 100
3a 10 T.3 13.1 108.7 22.0 112
3b 0 Tk 1%.0 116.5 23.2 118
3h 10 T.3 13.5 112.0 23.4 119
ha 0 7.5 ' 13.8 115.1 22.4 114
Iy 0 Tolt 1.3 13.6 113.1 23.3 1.8

1/ ke 0 7.5 13.2 110.1 22,9 117

2/ hd 0 7.6 13.5 112.9 22.7 116

3/ le 0 7.7 13.6 11k4.0 22.6 116

;/ Le 1.6 kilometers downstream.

2/ ba 1.0 xilometers downstream.

3/ ke 8.1 kilometers downstream.
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Table 22.--Limnological data--Snake River, May 23, 1966

Saiw Total

pling Depth = Temp. Spill flow Oxygen Nitrogen
gite M. °C. 100 :.m.s. 100 c.m.s. P.p.m. Percent P.p.m. Percent

Brownlee . O 1T 3.5 7.8 81.9 - 15.h 95
Dan 10 15.4 8.6 86.14 16.0

Forebay > : 95

Oxbow 0 16.T | 1.8 9.0 93.1 16.6 101
Dam 10 15.2 9.2 92.1 17.8 105

Mouth of 0 12.8 9.0 85.3 17.6 100
Grand : , .

. Ronde River

Lewlston = 0 140 9.0 87.7 7.1 99

Lower 0 12,4 " 10.0 - 93.9 19.1 107
Granite ‘ '

Dam site

Little o 12.8 - 10.2 1 96.7  19.0 108
Goose

Dam site

Lower Monu-
nental 0 13.5 10.0 96.3 17.8 102

Dem slte :

Icgagfrb°r 0 13.7 | 9.8 ok.9  17.6 101

Forebay 10 13.2.. - 9.3 89.0 18.9 108

Icg Harbor ¢ 13.2 5.1 11.3 11.3 - 108.1  20.2 115

am , ' N

Tallrace

-



Table 23.--Limnological data--Ice Harbor Dam, May 16 and 18, 1966

Statdion Total .
code Depth  Temp. Spill l.ow Oxygen Nitrogen
number M. °c. 100 ¢.m.s. 100 c.m.s. P.p.m. Percent P.p.m. Percent
May 16, 1966 '
198 0 10.9 10.5 95.2 19.6 107
19b 0 10.7 10.4 93.9 19.4 105
20 0 11.1 7.5 18.9 12.3 112.0 21.3 117
1/ 20a 0 11.0 11.3 - 10.7 97.3 . 18.8 103
May 18, 1966
108 0 1.1 10.8 98 .4 19.5 107
19b 0 11.0 10.7 97.3 16.3 106
20 0 11.2 5.1 16.2 12.1 110.5 21.1 116
1/ 20a 0 10.9 1.1 - 10.9°  98.8 19.9 109
1/ 20a - Tailrace (Powerhouse side).
|
Table 2b.--Limnological data--McNary Reservoly June 8, 1966
Station Total ‘
code  Depth  Temp.  Spill flow Oxygen . Witwogen
aumber M. °C. 100 c.m.s. 100 c.m.s. P.p.m. Percent P.p.m., Percent
16 0 13.1 11.8 112.6 21.5 122
16 6 12.9 : 11.6 110.3 22,0 125
21 0 14.8 - 10.6 105.2 19.4 11k
21 6 4.8 10.2 101.2 = 21.4 126
1/ 228 0 13.8 ' 11.9 115.4 20.9 121
. 22a 10 13.8 11.3 109.6 . 20.4 118
2/ 22 0 13.2 11.7 112.0 22.8 130
20b 10 13.0 12.4 118.1 21.8 12k
3/ ez2c 0 15.9 10.3 104.7 21.0 126
22¢ 10 13.9 11.1 108.0 20.9 121
4/ eea 0 1h.2 11.5 112.5 22.0 128
22d 10 13.5 11.0 106.0 21.7 124
5/ e 0 15.5 - - - -
PRe 8 14,0 10.0 97.5 21.3 123
&/ oof 0 16.8 11.% 118.1 21,0 . 128
eof 10 '13.8 . 11.1 107.7 21.8 126
7/ 22g 0 14,1 ~ - - -
20g 10 13.8 10.9 105.7 21.8 126
8/ ezh 0 14.8 12.1 120.0 22.2 130
22h 10 13.8 12.0 116.4 22.5 130
23b 0 14.8 : 12.1 120.0 21.7° 125
23b 10 13.9 - - - - -
238, 0 14.8 - - - -
238 10 13.8 11.h 110.6 21.0 121

1/ 22a - East side Eﬁiver km 5L1. 22e - Oregon side (River km 485.1).

1.6). g/
5/ 22b - West side (River km 511.6). 6/ 22f ~ Washingtor side (River km 485.1).
3/ 22¢ - West side (River km 489.1). %/ ppg - Oregon side (River km 1477.8).
L/ 22d - West side (River km 489.1). 8/ 22h - Washington side (River km 477.8).
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Table 25.--Limnological data--Bonneville Dam March 10 and 11, 1966

Station Total 0 . Nitr
code Depth  Temp. Spill  flow xygen. -Lrogen
number M. °C. 100 ¢.m.8. 100 ¢.m.s. P.p.m. Percent P.p.m. Percent
March 10

3la 0 28.2 ‘ 101.4 - 104,71
32b 0 28.2 129.0 12h. 4
31b 0 28,2 : 100.0 93.3
32a 0 28.2 1014 99.2
31f 0 -28.2 : 12k .4 126.4

Bomneville Dam Survey March 11

o,k | 101.1 98,0

3la o
32b 0 ke.k _ ' 123.1 123.6
31b 0 2.k R 100.0 93.0
32s, 0 R - - 99.5 ok, T
31f 0 - keuk 12k, 126.4
o
Table 26.--Limnological data--The Dalles, Februsry and March 1966
| @
Station Total ‘
code  Depth  Temp. 8411 £1ow Oxygen Nitrogen
number M. °c. 100 e¢.m.s. 100 e.m.s. P.p.m, Percent P.p.m. Percent
February 27
28 0 6.0 o - 12.6 101.1 . po.2 99.7
29 0 6.2 C 0 - - 12.6 100.8 20.2 99.14
Februery 28
28 0 6.2 9.9 , - 12.7 102.4  20.8 103.1
29 0 6.7 = 9.9 - 12.5 102.6 20,8 101.1
28 0 6.2 4] ~ 12.6 101.6  20.7 102.b7
29 0 6.6 o - 12.6 102.6  20.2 %g;nf/
March 1 - //,/’
28 0 6.6  28.2 - 12.4 10L.0 4.3 100.6
29 0 6.5 28.2 - 12.8 104.0./" 20.6 102.8
28 0o 6.2 0 - 12.4 100.0 20.3  100.6
29 0 6.8 0 - - 12.6 101.6 - 20.6 100.1
March 2 ,

28 0 5.8 35:6 - . 12.6 . 100.6  20.T 101.6
29 0 6.8 - 33.6 . 13,0 106,k 20.9 105.0
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Table 27.--Limnologlcal data--Columbia River April 3; 1967

!

Station Total e
coade Depth Tenp . Spill f1.ow Oxygen Nitrogen
number M. °C. 100 ¢.m.g. 100 ¢c.m.s. P.p.m. Percent P.p.m. Percent

14 0 10.8 9.1 82.3 18.7 102
19a 0 8.9 11.4 98.4 20.5 107
19a 10 8.1 11.2 oh.8 15.8 102
20 o} 8.0 0 11.6 10.9 92,1 1.4 110
238 C 9.1 11.6 100.7 22.3 117
238 10 T.T 11.8 $8.9 21.3 109
23b o 9.5 12.0 105.2 21.0 111
23b 10 7.6 - - 20.9 107
2ha 0 T.7 11.5 96.4 20.0 102
2hb 0 7.8 0 Lo.s5 12.2 102.5 20.5 105
258, 0 8.5 11.9 101.7 20.1 10k
~8 0 8.8 11.2 96.5 19.7 103
28 10 8.7 11.% 97.9 20.1 105
29 0 8.8 0 41.0 11.8 101.6 21.6 113
3la 0 8.7 12.0 103.1 20.2 105
3la 10 8.1 11.h 96.5 20.2 104
32b 0 8.2 1.8 40.0 . 13.2 112.1 23.2 120
36 0 8.7 11.0 9.5 20.3 106

Table 28.--Limnological data--Columbia Rivew May 1, 1967

e,

Station Total .
code Depth Temp . Spill flow Cxygen Nitrogen
number M. °c. 100 ¢.m.g8. 100 c.m.8, P.p.m. Percent P.p.m. Percent
14a 0 9.8 13.1 115.6 23,3 124
19a 0 10.5 10,9 97.8 - 18.9 102
20 o) 10.7 0.8 13.2 10.6 95,7 18.9 103
23a 0 10,2 13.2 117.6 20.6 111
23a .10 9.k 12.8 111.9 20.2 114
23b 0 9.8 12.8 113.0 20.2 108
23b 10 9.1 | 12.5 108.5 20.6 108
2ha 0 R , 12.3 107.5 - -
2hb 0 9.6 ¢! 34,7 12.9 113.4 19.9 106
25a 0 9.8 12.3 108.6 19.8 106
28 ¢} 9.8 12.3 108.6 19.3 103
28 10 9.3 12.2 106.4 20.2 107
29 0 9.8 - 0 35.3 12,0 105.9 19.9 106
3la 0 10.0 11.6 102,9 18.3 98
3la 10 10.0 2.0 106.5 19.2 103
32b 0 10.1 1.5 38.2 11.7 104.1 19.9 107
36 0 10.8 11.3 102.2 19.5 106
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Table 29.~--Limnological data--Columbila Riven May 15, 1967

|

Btatlon Total .
code Depth  Temp. Spill - flow Oxygen Nitrogen
numbex M. °C. 100 cum.s. 100 c.m.s. P.pem. Percent P.p.m. Percent
1ha Q 13.2 - 12.1 115.8 19.2 109
19a. o} 10.9 10.5 95.2 19.4 106
19a 10 10.3 1.2 100.1 20.4 110
20 0 10.5 10.6 23.7 11.3 101.L 20.9 113
23a 0 1.2 ‘ 13.6 133.1 19.9 116
234 10 12.4 : - 13.h 0 125.8 21.1 119
23b 0 13.3 13.6 130.4 20.2 115
23b 10 11.3 - - £21.0 115
2ha 0 11.8 12.4 114.8 20,2 112
2hb 0 12.0 5.3 L .3 - 12.5 116.3 . 20.8 116
25a 0 13.0 12.3 117.1 ° 19.8 113
28 0 13.3 11.5 110.3 18.5 106
28 10 13.0 - 11.7 ° 11l.h4 18.5 105 -
29 0 13.3 - 14,5 52.7 11.8 113.1 19.6 112
3Fla 0 13.0 ' - 11.7 111.4 - 19.1 109
3la 10 13.0 11.5 1.09.5 19.2 . 109
32b 0 13.0 C17.b 51.% 11.6 110.5 ©19.6 111
36 0 13.5 10.9 105.0 19.4 111
Table 30.--Limnological data--Columbia Rivey June 6, 1967
— A
Station . Total 7 : . .
code Depth  Temp,  Spill fiow - Oxygen Nitrogen
number M. °C. 100 ¢,m.s, 100 c.m.s, ©P.p.m. Percent P.p.m. Percent
1lha 0 13.2 : 12.8 122.5 22.4 128
19a o} 12.1 : 11.2 10k.5 19.4 108
19a 10 11.8 11.1 102.8 - . 20.6 114
20 0 12.2 - 2k.5 37.1 12.1 113.1 22.2 124
23a 0 13.7 ' 12.5 121.0 21.5 124
23a 10 13.6 . 12.2 117.8 22.0 126
23b 0 13.2 12.0 114.8 21.9 125
23b 10 13.0 , ‘ - 12.0 11%4.3 22,2 126
2h4g 0 13.3 12.5 119.8 22,7 130
2hp -0 13.8 86.0 150.9 13.9 134.8 24.8 143
25a 0 14.0 11.7 11k.0 21.9 127
29 0 1h.1 86.1 14k.7T 12.7 124.0 22.6 131
3la’ 0 13.9 11.9 115.8 21.2 122
32b 0 13.9 107.9 148.1 11.8 114.8 20,8 120
36 o] k.5 . ' 11.7 115.3 22.8 133

-/



Table 31.--Limnological data--Columbia River, June 27, 1967

Station Total

code Depth  Temp. Spill flow Oxygen Nitrogen
number M. °c. 100 ¢.m.s8. 100 c.m.s. P.p.my Percent P.p.m. Percent
1la o 14.2 ‘ 13.8 135.0 k.1 1ho
118 10 14,1 13.7 133.8 .2 . 1ho
12 0 14.6 96.9 12.9 127.5 22.7 133
lha 10 14,3 12.4 121.7 21..8 127
21 3 16.3 10.8 110.8 19.9 120
23a, - 15.2 ' 11.8 118.1 21.2 195
ahh - 15.6 113.1 168.3 -12.9 130.3 23.7 141
25a 0 15.6 11.1 112.1 20.7 123
28 2 15.9 11.3 114.8 20,8 125
3la 2 16.0 11.1 113.0 20.7 12k
36 10 16.8 1.1 115.0 21.7 132

Table 32.--Limnological data--Columbia Rivey July 5, 1967

Station ‘ Total

code  Depth  Temp.  Spill flow _ Oxygen Nitrogen
number M. °c. 100 ¢om.s. 100 c.m.s8. P.p.m. Percent P.p.m. Percent
lla 0 15.7 13.1 132.6 23.6 141
lla 10 15.7 13.3 13k.6 23.8 1he
1ia, 0 16.6 ‘ 11.2 115.6 20.9 127
19a 0 19.7 9.1 100.2 16.6 106
19s 10 19.3 9.3 101.6 ° 17.1 108
20 0 19.4 0.5 6.6 8.7 95.3 17.4 110
£3a 0 17.7 10.7 113.1 19.5 120
23a 10 17.2 11.8 123.4 20.0 122
23b 0 17.4 1.4 119.7 19.5 120
23b 10 17.1 11..1 115.9 20.6 126
2he 0 17.2 10.9 11%.0 17.9 110
2Ly 0 17.2 83.0 129.0 12.2 127.6 22.3 137
25a 0 17.5 ' 11.0  115.8 20.6 127
28 ¢ 17.6 10.9 115.0 18.9 116
29 0 17.7 103.7 137.6 11.1 117.3 20.6 127
3la 0 17.5 10.2 107 .4 19.3 119
3la 10 17.5 11.0 115.8 20.2 12k
32b 0 i7.7 o7.k4 135.2 12.2 129.0 23.2 143
36 0 18.2 10.4 111.1 £20.3 126
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Table 33.--Limnological data--Columbia Riven July 19, 1967

Station Total .
code Depth  Temp. splll flow Oxygen Nitrogen

number M. °C. 100 c.m.s. 100 c.m.s. P.p.m. Percent . P.p.m. Percent
lla 0 16.2 12.6 129.0 21.8 131
1la 10 -16.2 ©12.4 126.9 22,3 134
1lha 10 17.0 11.5 119.7 20.2 123
21, 0 22.2 10.1 . 117.0° 18.9 125
233 o} 18.7 - : - 19.4 122
23a 10 18.3 11.4 122.1 16.7 123
23b 3 18.9 11.1 120.3 18.8 118
2la 0 18.7 10.7 115.% - -
2hh 0 18.4 k2.0 84.3 12.0 128.8 21.2 132
258 0 18.2 10.4 111.1 1T.1 1.06
28 10 18.4 10.4 111.6 17.9 112
3la 0 18.5 10.7 '115.1 17.3 108
36 10 19.1 10.5 11k.3- 19.4 123

Table 34.--Limno.ogical dats--Columbia River, August 2, 1967
Station ‘ Total .

code Depth  Temp. Spill flow - Oxygen Nitrogen

number M. °C. 100 ¢.m.s. 100 c¢.m.s. P.p.m. Percent P.p.m. Percent
1ia C 18.7 ' 12.2  13L.6 19.5 122
lla 10 7.7 - 11.8 124h.7 " 20.0 123
1ha 0 19.1 - . - - -
16 0 19.1 11.5 125.1 18.5 117
19a 0 2h.7 8.k 102.2 15.6 107
19a 10 23.5 7.3 86.7 15.3 - 103
21 0 23.7 6.9 82.3 16.0 108
23a 0 22.2 - - - -
23a 10 20.4 11.5 128.5 18.0 116
23b 0 21.5 - - - -
23b 10 19.9 10.7 138.4 18.3 117
. 2hs 0 20.0 ‘ 10.6 117.5 18.1 116
2hb 0 20.6 C 23,7 60.3 11,3 126.8 19.8 128
25a 0 20.5 - - - -
o8 0 20.2 - - - -
28. 10 20.1 10.4 115.6 17.3 111
29 0 20.3 8.6 51.1 10.0 111.5 17.9 115
3la 0 19.9 : - - - -
31a 10 19.9 : 9.8 108.L4 17.4 111
32b 0 20.0 16.4 57.k4 11.2 12h.2- 20.6 132
36 o 20.4 9.3 103.9 18.3 118
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Table 35.-~Limnological data--Columbia River, August 23, 1967

Station Total

code Depth Temp . Spill flow Oxygen Nitrogen
number M. °c. 100 com.s. 100 c.m.s. P.p.m, Percent P.p.m. Percent
16 O 20.8 9.8 110.4 4.7 a5
16 8 20.6 8.9 99.9 15.2 a8
21 0 2h.5 5.2 63.0 13.2 90
21 6 23.1 6.3 4.3 13.4 90
23a 0 22.5 9.0 104.9 1%.8 498
238 10 20.8 8.9 104.3 1%.8 sle
£3d 0 2.7 9.3 108.8 16.5 110
23f 0 22.9 8.5 99.8 15.9 106
2lh 0 22.6 0 3h.2 9.3 108.6 16.7 111
25a, 0 22.6 8.4 08.1 1.1 gl
3la 0 22.3 7.6 88.2 1k.1 oL
3la 10 £22.3 7.9 91.6 13.9 g2
36 0 20.5 8.2 95.6 1h.h 96

Table 36.--Limnological data--Columbia Riven September 5, 1967

Station Total

code Depth Temp - Spill flow Oxygen Nitrogen
number M. °c. 100 c.m.=. 100 ¢.m.s5. P.p.m«. Percent. P.p.m. Percent
lla o) 19.6 10.9 319.8 17.1 109
1lla 10 18.7 10.9 117.6 7.7 111
1ha 0 21.6 : 10.3 117.8 16.3 107
16 0 2L.2 9.2 104.4 - -
16 10 21.2 - - 16.5 108
19a 0 23.8 6.9 82.4 k.6 99
19a 10 23.7 T.6 90.7 . 15.3 10k
21 0 £3.3 6.2 T3.4 15.3 103
23a 0 20.0 9.k 108.54 15.6 103
23a 10 21.0 8.9 100.7 16.5 107
23b 0 22.h 9.2 107.0 15.8 105
23b 10 21.5 9.3 106.3  17.2 113
2hs 0 21 .4 9.2 104.9 16.6 109
24b 0 21.2 0 2h.6 9.4 106.7 17.0 111
25a o] 21.8 9.8 112.6 16.0 105
28 0 2.1 8.7 98.6 16.2 106
28 10 21,2 7.3 82.9 - -
29 0 214 0 26.1 8.8 100.3 16.1 105
3ls C 21.5 7.9 90,3 bl ok
3la 10 21.5 - 8.5 7.1 15.6 102
32h 0 21.6 0.7 28.h 8.7 99.5 16.2 1.06
36 0 20.1 8.0 92.5 16.1 107
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Teble 37.--Idmnologlcel data~-Columbia River, October 3, 1967

Statlion Total )
code Depth  Temp. Spill flow ___ Oxyeen - Nifrogen
mumber M. fC. 100 ¢.m.s5. 100 c.m.s. P.p.m. Percent P.p.m. Percent
1ha 0 16.8 9.0 93.3 15.3 93
6 - 0 16.4 9.4 96. 6 6.7 101
16 - 10 16,4 9.8  100.7 17.3 105
19a 0 20.0 - 7.9 87.6 15.7 101
21 0 19.5 8.2 89.9 4.7 93
23a, 0 20.0 8.9 = 98.7 15.9 102
23b 0 20,0 8.7 96.5 16.0 103
24 0 18.4 0 27.3 9.0 . 96.6 - 15.9 99
258 0 17.7 8.8 93.0° 15.9 98
28 0 17.6 9.4 99.2 16.0 99
28 10 17.6 9.5 100.2 15.6 96
29 0 17.9 _ 0 32.4 9.0 . 95.5 - 16.3 101
36 0 17.6 8.3 87.6 © 15.4 95

' Table 38 --Limnological data--Priest Rapids Dam, June 19, 22 30,
July T, 12, and August 8, 1967 .

Station ' s Total :
code Depth  Temp. Spill flow Oxygen Nitrogen
number M. °C. 100 c.m.8. 100 c.m.s. P.p.m. Percent P.p.m. Percent

June 6

11a 0 1k.2 . 13.2 - 129.2  23.3 135

1la 10 13.9 12.4 '120.6 22.0 127

11b 0 1.7 - 2.5  123.8  21.6 127
June 22

12 0 13.9 4.9 106.9 12.5 121.6 224 129

12 5 13.9 _ 12.6 122.6 22.7 131

12 11 1i4.2 12,4 121.3 22.9 133
June 30 .

11a O . 15.0 . 12.6 125.6 22,9 135

lla 10 1.5 _ 12.4 122.2  23.2 - 135

11b 0 15.3 12.2 122.k4 23.0 136

. July T

1l= o} 16.1 11.9 122..6  21.6 130

1la 10 15.3 12.2  122.4k . 22,1 131

11b 0 15.8 9.9 100.k 18.5 111
July 12 '

lla 0 16.7 12.8 132.4 22.3 135

lia. 10 16.1 12.h 126.7 22,6 136
August 8

lla 0 18.9 11.6 1257 18.4 116

11la 10 17.8 11.7 123.9 18.5 i1h




Tuble 39.--Limnologleal date--Sneke River Mouth, July 20, 1967

dLatlon Mol

code Dopth Temp - Spdh 'l ow Oxygen Nitrogen
numbe M. °C. 100 c.m.t. 100 c.m.s, P.p.m. Percent P.p.m. Percent

16 0 18.6 1.8 127.0 8.6 117

16 10 18.1 11.6 123.7 19.1 119

21 0 23.0 7.8 91.8 16.2 109

21 10 £2.9 7.5 88.0 15.8 106

1/ 22a 0 22,0 8.5 98.0 16.5 109

228 10 19.1 11.2 121.9 18.5 117

2/ oo 0 20.1 10.3  11k.h 18.0 116

22b 10 18.3 11.6 124.2 19.1 119

3/ 22c 0 18.2 11.6  123,9 19.1 119

22¢ 10 18.1 11.6 123.7 19.1 119

1/ Fast Bank Columbia River (River km 520.7).

2/ Midstream Columbia River (River km 520.7).
3/ Vet Bank Columbia River {River km 520.7).

Table 40.--Limnological data--Snake River Mouth, August 9, 1967

Station Total

code Depth  Temp. Spiil flow Oxygen Nitrogen™
number M. °C. 100 cum.s. 100 c.m.s. P.p.m» Percent P.p.m, Percent
16 0 19.6 11.5 126.4 18.1 115
16 10 18.9 11.1 120.3 18.3 115
21 0 25.0 6.7 81.9 15.3 105
21 10 23.6 6.5 7.4 15.0 101
1/ 22a 0 23.9 7.8 93.4 17.4 118
PR 10 19.7 10.9 120.0 18.0 115
2/ 22v 0 2k.0 7.3 87.6 15.5 105
22h 10 19.5 10.7 117.3 18.0 114
3/ 2ec 0 19.4 11.2 122.7  18.r 115
2ec 10 19.3 11.2 122.4 18.0 11k
l/ Eest Bank Columbia River {River km 520.7).
2/ Midstream Columbia River (River km 520.7).
3/ West Bank Columbia River (River ¥m 520.T).
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Table b, ~-Limnologlcal datn--8Snoke Rlver Mouth, August L5, 1967

Station ' Total

code Depth  Temp. Spill flow Oxygen __ Nitrogen
number M. °c. 100 ¢.m.8. 100 c.m.s. P.p.m, Percent P.p.m. Percent

16 .0 21.0 . 10.9 123.3 . 7.7 115

15 10 20.9 C 10.8 121.9 C1T.h 113

=y R 0. 24,7 6.9 83.9 15,1 10k

21 10 ah.5 6.8 82.4 k.9 102

1/ 22a 0 2h.1 T.1 85.3 15.7 107

22a . 10 21.4 10.7 122.0 7.2 113

2/ 22p 0 . 23.h 8.3 98.5 15.9 107

22b 10 21.2 10.5  119.2 17,0 111

3/ 22ec 0 21.1. 10,8  122.4 7.9 117

22¢ 10 21.1 11.0 1247 17.6 115

1/ East Bank Columbia River (River km 520.7).
2/ Midstream Columbia River (River km 520.7).
/ Weat Bank Columbia River (River km 520.7).

[y

Table U2.--Limnological date--Snake River Mouth, August 30, 1967

+

Station Total e - .
ey Oxygen . Nitrogen

code Depth Tewmp - Spill _ . ’
number M. °c. 100 c.m.s. 100 c.m.s. . P.p.m. Percent P.p.m. Percent
16 0 20.5 | 10,6 118.7 17.2 111
16 10 - 20,2 10.6  118.90 18.7 120
21 0 - 23.4 5.6 66.4 15.0 101
21 S10 . 23.5 5.7 67.7 1%.9 101
1/ 22a 0 23.k 6.8 80.7 15.2 102
223, -8 21.5 8.8 . 100.6 16.4 108
2/ 22n 0 22.1 8.3 96.0 16.2 107
22hb. 10 20.4 10,5 117.3 17.6 113
3/ 22c 0 20.6 10.6  119.0 18.6 120
22c 10 - 20.6 11.0 123.5 - 18.% 119
1/ Bast Bank Columbia River (Rilver km.520.7). /f}
2/ Midstream Columbia River (River km 520.7). .
3/ West Bank Columbia River {River km 520.7). //,////////,/
| //,;”' P
7
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Table 43.--Limnological data--McNary Dam, June 21, 1967

Station Total

code Depth  Temp. spill flow Cxygen Nitrogen
number M. °c. 100 c.m.s5., 100 e.m.s. P.p.m, Percent P.p.m. Percent
238 3 16.0 11.7 119.1 £21.0 126
23b 3 15.9 11.5 116.9 20.6 123
23c 0 16.3 11.7 120.0 20.6 124
234 0 8.0 11.3 120,2 20.k 127
23e 0 16.3 11.6 119.0 20.8 125
237 0 16.3 9.9 101.5 8.1 109
2he 0 15.8 11.6 117.6 20.h 122
2l 2 17.1 107.5 167.6 12.0 125.3 20.2 123
Table 4h.--Iimnologlcal data~-McNary Dam June 29, 1967
Station Total : .
code Depth  Temp. Spiil flow Oxygen Nitrogen
nunber M. °c. . 100 c.m.8, 100 c.m.5. P.p.m. Percent P.p.m. Percent
23a 3 16.5 11.6 119.5 21,2 128
23b 3 16.3 11.4 116.9 21,2 128
23¢ 0 17.1 11.2 1.6.9 21.2 130
23d 0 16.9 ‘ 11,5 119.4 20.4 124
23e 0 16.5 11.2 115.3 21.1 128
23f 0 17.0 9.8 102.0 18.2 111
2ha 0 16.3 11.3 115.9 - 20.8 125
24p 0 16.7 - 108.6 163.0 12.% 125.1 22,7 138
Teble 45.--Limnological data--McNary Dam, July 7, 1967
Station Total .
code Depth Temny . Spill T1low Oxygen Nitrogen
number M. °C. 100 ¢ m.s8. 100 c.me.s. FP.p.m. Percent P.p.m. Percent
23¢ 0 18.9 11.0 11G.2 19.9 125
23d 0 18.0 11.0 117.0 15.8 123
23e o 18.0 10.8 11h.9 20.0 12k
23f 0 17.9 ‘ 9.5  100.8 7.7 110
2lib 0 18.1 TT .4 131.7 11..9 126.9 22,4 135




!
Table 46.--Limnological data--McNary Dam, July 12, 1967

Station Total

code Depth  Temp. Spill flow Oxygen Nitrogen
numbexr M. °c. 100 ¢cuom.s. 100 c.m.s. P.p-m, Percent P.p.m. Percent
23sg, 3 17.1 11.8 123.2 19.8 1921
23b 3 17.0 o 11.5 119.7 20.0 127
23c 0 17.5 11.7 123.2 20.3 125
234 0 7.4 11.3 118.7 - 19.6 120
23e - 0 17.2 114 119.2 19.9 122
23f o) 17.2 10.7  111.9 19.1 117
2la, 0 17.4 11.2 . 117.6 20.2 124
2hn 0 17.6 ~ 50.6 101.1 2.1 127.6 21.5 132

Teble 47.--Iimnologicel data--McNery Dam July 19, 1967

{

Station ‘ Total
code Depth  Temp.  Spill flow Oxygen Nitrogen

number M. °C. 100 c.m.s. 100 c.m.s. P.p.m. Percent P.p.m. Percent
23c 0 18.9 10.9 118.1 19,0 120
23d 0 18.6 10.7 115.2 18.2 11k
23e 0 18.8 10.9 117.8 18.h 116
23f% 0 18.8 _ g.6 103.8 17.5 110

, /
Table 48.--Limnological data--McNary Dem, July 28, 1967

Station . : Total i .

code Depth Temp . . Spill flow Oxygen : Fitrogen

number M, °C. 100 ¢omm.s. 100 c.m.s. - P.p.m. Percent P.p.m, Percent
23a, 3 19.3 , 11.0 120.0 18.0 11lhk
23b 3 19.5 _ 10.5 115.1 8.1 115
23c 0 19.7 11.k 125.6 - -
234 0 19.5 10.5 115.1 17.3 110
23e 0 19.3 10.5 124.8 - -
23f 0 19.5 9.k 103.1 7.2 109
2ha 0 19.1 10.8 117.5 17.9 113
2o 0 19.3 3k.0 - TO.h 11.5 125.7 20.2 128




Tahle h9,-~Limnological data-~McNary Dam, August 4, 1967

Station Total

code Depth Temp. Spill flow  Oxygen Nitrogen
numbher M. Q. 100 ¢c.m.s8., 100 c.m.s. P.p.m. Percent F.p.m. Percent
23¢ o 2L.k _ 11.3 128.8 17.6 115
23d 0 20.9 , 10.8  121.9 17.4 133
23e o) 21.0 10.5 118.8 rr.7 115
23f 0 20.9 9.1 102.7 16.6 108
Table 50.--Iimnological data--McWary Dam, August 11, 1967
Station | Total 0 ' Witro
code Depth  Temp. - Spill flow xygen rogen
number M. °C. 100 c.mes. 100 c.m.s. P.p.m, Percent P.p.m. Percent
238 3 20.8 10k 1174 7.2 112
23D 3 21.3 10.2 116.0 17.2 112
23e 0 20.9 10.4 117.4 17.2 112
23d 0 20.8 . 9.8 1104 16.7 108
23e 0 21.1 10.1 114.5 16.9 110
23f o 21.6 9.2 105.3 16.3 107
2lig, 0 20.5 g.6 107.5 7.0 110
2o 0 21.0 1.0 36.8 10.0 113.1 17.0 111
Table 5l.--Limnological data--McNary Dam, August 17, 1967
Station Total ) )
code Depth  Temp. Spill flow Oxygen Nitrogen
number M. °C. 100 c.m.5. 10C c.m.s. P.p.m+. Percent P.p.m. Percent
23g, 3 23.2 10.9 128.8 6.7 112
23b 3 22.1 : 10.2 117.9 17.0 113
234 0 22.7 . 9.9 115.8 16.0 107
237 0 22.3 8.9 1.03.2 16.1 107
2hg 0 22.3 10.0 116.0 15.2 101
ol 0 22,2 0 39.6 9.9 11h.7 17.0 113
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Table 52.--Limnological data--McNary Dam, August 22, 1967

Station Total

code Depth  Temp. gpill flov Oxygen : Nitrogen
nuntber M. °c. 100 ¢.m.g. 100 ¢.m.s, P.p.m, Percent P.,p.m. Percent
238 3 22.6 9.6 112.1 15.9 106
23b 3 22.9 8.8 103.3 16.0 107
23c 0 22.9 9.7 113.8 16.4 110
234 0 22.7 9.3 108.8 16.5 110
23e o 22.7 8.6 100.6 17.0 113
23f 0 22.9 8.5 - 99.8 15.9 106
2ha 0 22.3 8.6 99.8 ~16.5 109
2l 0 22,6 0 3.2 0.3 108.7 16.7 111

Table 53.--Limnologlcal data--McNary Dam September 1, 1967

]

Station ' Total
code Depth  Temp- Spill flow _ Oxygen Witrogen
number M. _°C. 100 ¢c.m.s. 100 c.m.s. P.p.m. Percent P.p.m. Percent
23a 3 22.1 9.8 113.3 16.2 107
23b 3 23,0 9.4 110.6 16.1 108
23c -0 22.5 9.9 115.4 - 16.3 108
23d 0 22.1 9.0 104.0 15.8 105
23e 0 22.6 9.k 109.8 16.1 107
23F 0 22.5 8.8 102.6 16.2 108
2hg, 0 21.8 9.1 10h4.6 16.4 108
24b 0 22.2 -0 32.5 9.3 107.8 16.1 107

Table Sh,--Limﬁologigal data;-McNary Dam, September T, 1967

Station Total

code Depth  Temp.  Spill flow Oxygen Nitrogen
number M. °C. 100 c.m.s. 100 c.m.s, P.p.m. Percent P.p.m. Percent
23c 0 21.5 9.2 105.1 16.3 ° 107
23d o) 21.2 9.1 103.3 16.0 105
23e o} 21.9 9.2 106.0 15.9 105
23f 0 £1.9 9.0 103.7 16.5 109

A



Table 55.--Limnological data-:McNary Dam, September 13, 1967

Station Total

code Depth  Temp. Spill £Low Oxygen Nitrogen
number M. °C. 100 c.m.5. 100 c.m.s. P.p.m. Percent . P.p.m. Percent
238 3 20.0 8.8 97.6 16.3 104
23b 3 20.2 8.7 96.9 6.3 105
23¢c 0 20.1 9.0 1.00.0 16.8 108
234 0 20.1 8.9 98.9 16.3 105
23e 0 19.8 8.6 Gh.9 16.1 103
23f 0 20.1 9.4 104 .4 7.1 110
2ha ¢ 20.1 8.8 g7.8 16.5 106
2lp 0 20.0 ) 33.7 8.8 g7.6 16.5 106

Table 56.--Limnological data—JBonneville Dam, March 15, 1967

Station Total .
code Depth Tenp - Spill flow Oxygen Nitrogen
number M. °Cc. 100 c.m.s. 200 ¢.m.s, P.p.m. Percent P.p.m. Percent
3lc C 6.8 12.0 98.3 20.0 100
3ie 2 T.2 ‘ 12.0 99.3 o 19.3 98
32b 0 T.2 2.5 39.1 13.2  109.3 22,4 113

Table 5T7.-~Limnological data--Bonneville Dam, Mexrch 22, 1967

Station Total

code Depth Temp - Spill Tlow Cxygen Nitrogen
number M. °C. 100 ¢.m.8. 100 ¢c.m.s. P.p.m. Percent P.p.m. Percent
3la 0 8.1 1z.2 103.3 20.0 103
31b 0 8.1 12.1 102.5 19.9 103
3le 0 8.1 12.2 103.3 19.9 103
32a 0 8.3 11L.5 97.9 19.9 103
32b 0 7.8 0 39.6 12.7 106.7 23.0 118
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Table 58.--Limnological data-iBonneville Dam March 23, 1967

Station Total

code Depth  Temp. Spill flow ___ Oxygen Witrogen
number M. °c. 100 c.m.,s. 100 c.m.s. P.p.m. Percent P.p.m., Percent
314 0 T.2 12.1 100.2 20,4 103
3lg 0 7.5 "~ 0.3 ho,1 12.2 101.8  20.4 10k

Table 59.--Limnclogical Data-r-Bonneville Dam,March 29, 1967

- Total

Station : ' .
code Depth  Temp. Spill flow - ___Oxygen . Nitrogen

number M. °C. 100 ¢c.m.8. 100 c.m.s. P.p.m.. Percent P.p.m. Percent
3ip 0 7.8 11.7 98.3 20.2 103
3lc 0 7.8 11.8 99,2 19.8 101
3ic 2 7.8 11.8 99.2 19.9 102
3le 0 7.5 11.6 96.7 21.2 108
31 0 7.8 12.0 100.8 T 20.6 105
3lg 0 7.8 12.1  10L.7 20.2 103
32a 0 7.8 11.7 98.3 20.h 104
32b 0 7.8 0.7 39.9 12.7 106.7 22,1 113

Table 60.--Limnological datas--Bouneville Dam, April 5, 1967

Station : Total

code  -Depth  Temp. Spill’ flow Oxygen Nitrogen

number "M. *C. 100 ¢.m.g., 100 c.m.s. P.p.s. Percent P.p.m., Percent
31b o] 8.9 11.4 98.4 20.0 105
31b '3 8.9 11.6 100.2 19.7 103
3le 2 8.9 11.1 95.9 - -
314 0 9.2 1.7 101L.8 20.9 110
3le o} 9.0 11.5 99.6 19.1 100
31 0 9.2 11.8  102.7 20.0 105
3lg 0 9.1 11.7 101.6 20.2 106
32a 0 8.9 11.4 98.4 19.8 104
32h 0 8.2 0.7 39.1 13.2 112.1 23.2 120




Table 6L.--Limnological data--Bonneville Dam, April 12, 1967

Station Total

code Depth Temp - Spill flow Oxygen Nitrogen
number M, °C. 100 c.m.5, 10C c.m.s, P.p.m. Percent P.n.m. Percent
31b 0 9.8 11k 100.6 19.1 102
31b 3 9.8 2.5 101.5 20.4 109
3le 0 10.0 11.5 102.0 19.1 102
3le 2 9.9 11.4 100.9 19.3 103
31d 0 9.9 11.5 101.8 19.8 106
3le 0 9.9 11.6 102.6 9.4 10k
31f 0 10.0 11.5 102.0 19.8 106
3lg 0 3.8 11.6 102.4 20.0 107
3%a 0 9.8 11.4 100.6 19.2 102
32b 0 10.0 1.9 38.5 12.h 110.0 21.0 113

Table 62.--Limnological data--Bonneville Dam, April 19, 1967

Station Total

code Depth Temp , Spill flow Oxygen : Nitrogen
numbeT M. °C. 160 ¢.m.s. 100 c.m.s. P.p.m., Percent P.p.m. Percent
31b 0 10.2 11.7 104.3 19.6 105
31b 3 9.9 11.9 105.3 19.3 103
3le 0 10.2 11.8 105.2 19.3 10k
3le 2 10.0 11.9 105.6 19.4 104
314 0 9.9 11.7 103.5 19.9 106
Jle ) 10.2 11.8 105.2 19.6 105
3f 0 10.2 11.5 102.5 19.5 105
3lg 0 10.2 11.% 101.6 19.5 105
32a 0 10.1 ' 11.9 105.9 19.5 105
3%b 0 10.0 7.9 50.1 13.7 121.6 23,8 128
Table 63.--Limnological data--Bonneville Dam, April 26, 1967
Station Total .
code Depth  Temp. Spill flow Cxygen Nitrogen
number M. °C. 100 c.m.5. 100 c.m.s. P.p.m, Percent P.p.m. Percent
31b o] 10.9 12.7 115.1 19.4 106
31b 3 10.8 12.1 109.4 19.3 105
3lc 0 10.7 : 12.2 110.1 19.1 104
3lc 2 10.7 11.9 10T .4 19.0 103
31d 0 10.7 11.2 101.1 19.8 108
3le 0 10.8 11.9 107.6 19.4% 106
31f 0 10.8 : 11.9 107.6 19.9 108
3lg 0 11.0 11.8 107.3 19.8 108
32a 0 10.8 12.1 109. 4 21.1 115
32b 0 10.7 9.3 48.0 12.2 110.1 20.8 113
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Table 6bU.--Limnological data—tBonneville Dam, May 3, 1967 .

\

Station Total

code  Depth  Temp. Spill Flow Oxygen Nitrogen
number M. °C. 100 e.mes. 100 c.m.s. P.p.m. Percegﬁ_ P.p.m. Percent

3ib 3 10.6 ‘ 11.8 106.2 19.5 106
3ie 2 10.6 , 11.8  106.2 19.1 10k
31d -0 "1.0.9 11.5 104.3 20.1 110
3ie 0 10.8 : 11.8 106.7 19.6 107
31f 0 10.7 _ 12.1 109.2 21.0 = 108
3lg 0 10.8 11.3 102.2  19.8 108
328 0

11.h4 11.7 107.3. . 19.k 107

Table 65.--Limnological data--Bonneville Dam, May 10, 1967

!

Station : Total
code Depth Temp . 8pill flow Oxygen Nitrogen

number. M. °Cc. 100 c.m.s. 100 c.m.s, P.p.m., Perceant P.p.m. Percent
31b 3 12.h ' 10.8 101.4 - -
3le 2 12.4 10.0 103.3 18.3 103
314 0 12.4 10.9 102.3 18.8 106
3le 0 12.4 10.9 102.3 ig9.2 108
31f 0 12.3 10.9 102.2 18.9 106
3lg ¢} 12.4 10.7  100.5 18.6 10k
328 o} 12.3 10.9 102.2 18.5 10k
32h 0 12.4 3.5 h9.6 11.7 109.9 20.1 113

Table 66.~-Linnological data--Bonneville Dam, May 17, 1967
]

Station : Total ' ,

code Depth Temp. . Spill flow Oxygen ‘ Nitrogen-

number M. °C. 100 ¢.m.s. 100 c.m.s. P.p.m. Percent P.p.m. Percent
31b 3 14.3 11.8 115.8 19.4 113
3ie 2 1ih.2 11.9 116.4 19.9 116
31d 0 k.5 11.2 110.3 18.9 110
3le 0 14.4 11.7 115.0 18.7 109
31f 0 14.3 11.3 110.9 19.7 115
3lg 0 1h.4 10.5 103.2 18.9 110
32a 0 1h.2 11.7 114.5 18.9 110
32D 0

1h.h 15.2 58.6 12.0 118.0 20.6 120




Table 67.--Limnological data--Borneville Dam, May 25, 1967

Slntlion Total .
code De pth Temp . Spill flow Oxygen Nitroger
number M. °C. 100 e.m.s5. 100 c.m.g. P.n.m, Percent P.p.m. Percent
31ib 3 14.3 11.h 111.9  °  19.9 116
3le 2 .k 11.4 112.1 20.L 119
31d 0 14.6 11.1 109.7 19.6 115
3le 0 14.3 11.2 109.9 20,0 116
31f 0 14.3 11.1 108.9 19.9 11é
3lg 0 14.3 11.4 111.9 20.5 119
32a 0 1k.2 12.3 120.4 21.5 125
32b 0 14.3 78.2 126.7 1.7 114.8 20.8 121
TPable 68. Limnological data--Bonneville Dam,June 1, 1967
Station Total ) .
code Depth  Temp. Spill flow Oxygen Witrogen
rumber M, °C. 100 ¢.m.s. 100 c.m.s. P.p.m. Percent P.p.m. Percent
31lb 3 13.2 11.9 113.9 21.4 1ez
31lc 2 13.0 11.9 113.3 21.5 122
314 0 12.9 11.7 111.2 20.9 118
3le 0 13.C 11.9 113.3 21.2 120
31f 0 13.2 11.7 112.0 20.7 118
3lg 0 13.1 11.9 113.5 20.9 119
32a o 13.0 11.9 113.3 21.2 120
32b 0 13.1 83.k4 122.7 12.4 - 118.3 21.8 12k
Table 69.--Limnological data--Bonneville Daw, June 8, 1967
Station Totel .
code Depth  Temp. 8pill Tlow Oxygen Nitrogen
number M. o 100 e m.s. 100 ¢c.m.s8. P.p.m. Percent P.p.m. Percent
31b 3 13.9 11.% 110.9 21.1 122
31b 0 14.0 11.1 108.2 20.2 117
3le 0 13.9 11.5 111.9 20.8 120
31f 0 13.9 11.5 111.9 20.5 118
3lg 0 13.9 11.5 111.9 ° 20.5 118
32a 0 13.9 1.k 110.9 20.8 120
32b 0 13.9 119.8 163.6 12.5 121.6 23.2 134
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Table T0.--Iimnological data--Columbia River, May T, 1968

Station Total .
code Depth  Temp. Spill flow ___ Oxygen Nitrogen
number M. °C. 100 ¢.m.s. 100 c.m.s. P.p.m. Percent P.p.m. Percent
1la 0 10.1 - 11,9 105.9 19.3 10k
1la 10 9.8 ; 11.3 99.7 19.0 101
12 0 9.9 0 11.5 101.8 19.7 105
1ka c 11.1 11.2 102.0 18.5 101
19a 10 12.0 10.5 97.7 18.3 102
20 0 12.2 S0 10.7 9,9 92.5 CAT7.T 99
23a 0 12.7 10.1 98.4 - 18.3 103
23z 10 12.0 10.0  93.0 18.0 100
23b 0 12.5 10.8  10L.7 - 18.3 103
23b 10 - 12.0 10.7 99.5 8.4 103
2hs, 0 12.0 ‘ 11.0  102.3" 19.1 106
2lp 0 12.2 0 38.1 11.0 '102.8 18.6 10k
25a 0 12.h 11.0. 103.3 . 18,4 103
25b 10 11.k ' 11.3 103.7 19.8 109
26b 0 11.6 44,0 ik, 0 13.5 124.4 24,0 133
28 0 11.5 12.6 115.9 23.1 128
28 10 11.5 12,8 117.8 22.5 124
3la 0 11.3 .10.6 97.0 20.1 111
31a 10 11.3 11.0  100.6 20,7 11k
36 0 11.3 11.3 103.k 20.9 115
38 0 12.5 10.7 100.8 . 19.9 112




Table Tl.--Limnological data:-Columbia River, June L, 1968

Station Total

code Depth Temp . Spill flow Oxygen Nitrogen
number M. °C. 100 e.m.s. -100 c.m.=. P.p.m, Percent P.p.m. Percent
1la 0 13.4 12.3  118.3 21.8 125
1la 10 13.0 12,8 121.9 22.0 125
12 0 13.% 11.3 12.1 116.3 22k 128
lha 0 13.8 11.7  113.5 20.9 121
19a 10 13.1 10.1 96.4 18.3 104
20 0 13.4 23,5 35.1 12.2 117.3 22.3 128
23a 0 15.8 11.4  115.6 . 19.9 119
23a 10 14.5 ‘ 11.8  116.3 21.3 124
23b o} 16.8 | 11.1 115.0 20.3 123
23b 10 13.9 - - 19.9 115
Pha 0 4.2 11.5 1l2.5 2L.0 122
2hb 0 14.6 L48.4 82.3 i3.4  132.4 23.2 136
25b 0 15.5 10.8  108.9 . 20.3 121
25b 10 14.5 11.4  112.3 20.2 118
26b 0 1%.7 89.5 89.5 13.4  132.7 23.8 140
28 0 1k.6 13.7 135.4 23.2 136
o8 10 4.7 12.8 126.7 23.5 138
29 0 k.7 4=.1 79.9 11.8  116.8 22.5 132
3la 0 1%.8 12.1  120.0 22.1 130
3la 10 14,7 11..8  116.8 . 21.6 127
32b 0 4.7 53.0 87.4 11.9 117.8 21,1 12k
36 0 15.4 10.6 106.5 £1.0 125
38 0 15.2 10.6  106.1 20.2 119
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Table T2.-~Limnologlcal da.‘)c;a--Ccalum'bia River, July 4, 1968

\

Station - Total ‘ .
code  Depth  Temp. Spill Flow Oxygen Nitrogen
number M. °c. 100 ¢c.m.s. 100 ¢c.m.s. P.p.m, Percent P.p.m. Percent
1la 0 14,2 12.8 125.2° 23.2 135
lla 10 13.8. - 12.5 1£1.2 22.8 131
12 0 1%.0 3h.3 ' 12.8 124.8 g2.2 128
14a 0 15.9 12.1  123.0 20.5 123
19a 10 17.0 9.1 oL.T 17.0 104
20 0 17.2 3.3 14.3 9.7 .10L.5 17.6 108
23a 0 15.6 . 11.6  117.2 - 19.k 116
23a, 10 15.7 11.8  119.% - 19.1 11k
23b 0 15.6 11.3  11k.1 - 18.3 109
23b 10 15.% 11.6 116.6 18.5 110
oha 0 15.6 : 11.0  111.3 - -
2hy 0 15.7 574 92.8 13.0 131.6 22.2 132
25b 0 -17.2 _ 10.1 105.6 17.7 108
25b 10 6.4 ' 10.4  106.9 17.% 105
26b 0 16.8 Q2.4 93.6 13.4  138.9 23.3 1k2
28 0 116.6 : 12.5 129.0 21.9 133
28 10 16.3 13.4b 137.h4 23.2 140
29 o} 16.8 L 56.3 89.8 12.3  127.5 20.7 126
3la 0 17.5 ‘ 12.1  127.h 19.8 122
3la 10 16.6 , 12.3  126.9 20.2 122
320 0 18.3 66.5 9L.5 12.9 138.1 23.0 143
36 0 19.4 , 1.6  127.1 20.2 120
38 0 20,0 11.5

127.5 19.9 128




Teble 73.--Limnological data--Columbia River, August 8, 1968

1

Stution Total
code Neyih Temp . SpLil Tlow Oxygen Nitrogen
nimbe M. °C. 100 ¢c.m.u. 100 c.m.5. P.ppom. Percent P.p.m. Percent
1la 0 8.1 1.1 118.3 184 11k
lla 10 17.9 10.0 106.2 18.8 116
12 0 18.0 0 10.8 114k.9 19.1 119
1a o} 18.6 10.3 110.9 18.4 115
16 o} 16.0 11.2  121.6 17.1 108
16 10 18.9 10.7 115.9 . 8.6 117
21 0 23.2 7.0 82.7 - -
21 i 23.2 7.0 82.7 15.7 106
. 23a 0 2L.2 - - 15.8 103
23a 10 20.4 10.3  115.1 17.1 110
23b 0 21.1 10.5 119.0 16.6 108
23b 10 15.8 9.4 103.8 17.6 112
oha 0 20.2 9.5 105.8 15.8 102
okb o) 20. 4 0 Lh.2 9.8 109.5 16.7 108
25b 0 21.1 8.4 95.2 15.4 100
25b 10 20.8 9.7 109.2 7.7 115
26b c 20.8 50.4 54.1 11.3  127.3 20.k 132
28 0 20.7 10.5 118.0 19.9 129
28 10 20.5 0.9 122.1 20.1 130
29 0 20.6 0 53,2 10.4  116.7 20,7 13k
3la 0 20.4 10.2  1ik.0 18.0 116
3la 10 20.2 10.2  113.6 18.1 116
32b 0 20.2 10.5 50.9 - 10.3  1ik.7 19.3 122
36 0 20.6 10.0 1l2.2 17.2 111
38 0 21.3 9.6 109.2 17.1 112
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i
Table Th.--Limnological data--Snake River Mouth, July 16, 1968

]

Station Total
code Depth  Temp. 8pill £1ow Oxygen Nitrogen
number M. °C. 100 c.m.8. 100 c.m.s. P.p.m. Percent P.p.m. Percent
16 0 15.9 1.6 117.9 - -
21 0 22.0 8.6 99.2 - -
1/ 22a 0. 15.9 11.6  117.9 - -
2/ 28y 0 15.9 11.6 117.9 ~ -
22c 0 17.7 9.7 102.5 - -

1/ East Bank Columbia River (River km 520.7).
3/ Midstream Columbis River (River km 520.7).
3/ West Bank Columbla River (River km 520.7).

Table T5.--Limnological data--Sneke River Mouth, July 23, 1968

Station Total _ . '

‘code Depth Temp . Spill flow Oxygen Nitrogen

number M. °c. 100 e.m.5. 100 c.m.s. P.p.m, Percent - P.p.m. Percent
16 0 16.9 11.3  117.3 - 115
21 0 21.2 7.7 87.4 - 109
21 10 21.3 7.6 88.7 - 109

1/ 22a 0 17.2 11.2  117.2 - 115

2/ 22b 0 19.4 9.3 10L.9 - 112
22b 10 17.1 10.9 113.8 - 114

3/ 22¢ 0 21.3 8.4 95.6 - 111
22¢ 10 18.6 10.0  107.6

- 113

1/ East Bank Columbie River (River km 520.7).
2/ Midstream Columbia River (River km 520.7).
3/ West Bank Columbia River (River km 520.7).



Teble 76,~--Limnologlcal date--Snake River Mouth, July 30, 1968
Station - Total ]
code Depth  Temp. Spill flow Oxygen Nitrogen
number M. °C. 100 c.m.s8. 100 c.m.s. P.p.m. Percent P.p.m. Percent
16 o) 19.1 10.6 115.3 17.7 112
21 0 22.0 6.9 79.6 15.9 105
21 10 22,1 6.7 7.5 - -
1/ 22a 0 19.4 10.6 116.1 - -
T 22a 10 19.4 16.7  117.2 - -
2/ 22v 0 20.5 9.2 103.0 - -
22b 10 19.3 10.6 115.8 - -
3/ 22c 0 22.7 7.5 87.7 - -
22¢ 10 21.3 8.2 93.3 16.4 107
1/ East Bank Columbia River (River km 520.7).

2/ Midetream Columbia River (River km 520.T).
3/ West Bank Columbia River (River km 52C.T).

|
Table T7.--Limnological data--Snske River Mouth August 21, 1968
Station Total ]
code Depth Temp . Spill flow Oxygen Nitrogen
number M, °C. 106 ¢.m-.s. 100 c.m.s. PF.p.m., Percent P.p.m. Percent
16 0 18.5 10.8  116.1 - -
16 10 8.4 10.7 114.8 17.0 106
21 0 20.k B.7 g7.2 - -
21 10 20.3 9.1  101.% 16.1 104
1/ 22a 0 18.5 10.7  115.1 - -
T 22a 10 18.5 10.6 11k.0 - -
2/ 22b 0 20.1 8.2 o1.1 - -
- 10 18.8 10.4 1124 - -
3/ 22c 0 20.7 8.3  93.3 - -
22¢ 10 20.0 7.7 85.4 15.4 99

1/ East Bank Columbla River {River km 520.7).
2/ Midstream Columbia River (liver km 520.7).
3/ West Bank Columbia River (River km 520.7).
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Teble 78.--Limnological datar-McNary‘Dam,June 19, 25, July 9, 15, 23, 30,
and September 2, 1968

Station Total

code Depth Temp » Spill flow ~ Oxygen Witrogen
numbar M. °C. 100 ¢.m.s. 100 c.m.s. P.p.m. Percent P.p.m. Percent

June 19 : . .

23m, 3 15.1 12.2 121.9 20.8 123

23b -3 15.5 11.8 119.0 21.h 127
June 25 :

23a 3 15.8 11.% 115.6  20.8 12k

23b 3 15.8 - 11.2 113.6 20.9 125
July 9

23a 3 17.8 : 11.4 120.8 19.8 123

23b 3 17.5 _ o - 10.8 113.7 19.5 120

. | July 15 |

23b 0 17.5 ' 10.8 113.7 17.8 110

| July 23

23a 3 18,3 114 122.1 - -

23b 3 17.8 10.7 113.3 - -
July 30

23a 3 20.8 . 10.9 122.7 17.1 111

23h 3 20.9 10.4 117.4 17.6 - 11k

Septenber 2

23a 3 19.% . 10.9 119.4%  17.3 110
23b 3 19.2 g 10.8 117.8  17.2 109




Table 79.»—Limndlogical data--John Day-The Dalles, April 23, May 24, July 9,
15, 19, 23, 30, and August 1, 1968

Station Total _
code Depth  Temp. Spill flow Oxygen Nitrogen
number M. °Q. 100 ¢.m.s. 100 ¢.m.s. P.p.m. Percent P.p.m. Percent

25b

28

28

28

254
obe

25¢c
25f
25h
26a,

28

25¢
25d

25f

25h
268,
26b

oo

W & O

OQOHHH

10.3

15.2

18.6

18.7

April 23

37.3

May 24

July 9

July 15

July 19

July 23

July 30

Avgust 1

hi.s

12.6

12.5

10.7

H o

POWVO OO
O EHEOC

112.6

125.1

123.8

©125.1

110.0
112.2

118.7

124.9
108.6
110.1

118.9

113.2
113.4
102.2
103.8
108.9
127.7

18.8

2L.7

20.5

20.6

18.1
21.5
18.9
18.7

18.7

16.6

17?8
20.4

18

128

129

129

113
123

115
136
119
118

120

108

11k
132
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Table 80.--Limnological data--John Day-The Dalles, August 8, September &,

11, and 18, 1968

Stuation Total '
code Depth  Temp. 8pill £1 o Oxygen Nitrogen
number M. °C. 100 c.m.s. 100 c.m.s. P.p.m.» Percemt P.p.m. Percent
August 8

25b 0 21.1 8.4 95.2 15.4 100
25b 10 20.8 9.7 109.2 17.7 115
25f 0 £1.2 9.1 103.3 17.1 112
25h 0 21.1 9.2 1.04.3 15.8 103
264, 0 20.9 8.9 100.5 16.5 107
26b Q 20.8 50.4% 54.1 11.3 127.3 20.4 132

, ~ September 4
25d 3 20.8 10.0 . 112.6 - -
25h 0 20.5 9.4 105.3 - -
cha 3 19.6 8.9 97.8 -

September'll
25¢ 3 19.9 9.7 107.3 16.8 107
25¢ 0 20.0 11.0 122.0 19.0 122
25h 0 20.0 9.7 107.5 16.5 106
26a 3 19.9 9.9 109.5 18.3 117
28 3 19.8 10.9 120.3 18.9 121

_ September 18
25¢ 3 19.0 8.8 .95.5 - -
25¢ 0 19.0 9.9 107.5 - -
268, 3 19.1 9.0 97.9 - -
28 3 18.8 10.7 115.7 - -

Tahle 81.--Limnological data--John Day-The Delles, September 2# 1968

Station Total )
code Depth  Temp. Spill T1ow Oxygen : Nitrogen
number M. °Cc. 100 ¢.m.8. 100 c.m.s. P.p.m., Percent P.p.m. Percent
25¢ 0 18.7 10.2 110.0 . 15.0 gk
25¢ 10 18.4 10.0 107.3 15.3 96
25a 0 20.0 9.1 100.9 15.0 96
254 10 17.8 8.9 9k.3 16.3 101
25§ 0 18.7 10.0 107.9 16.T 105
25h 0 18.3 10.2 109.2 16.9 105
26a 0 17.9 9.1 96.6 15.3 95
26s, 10 17.8 9.1 96.4 16.8 104
o7 0 18.4 11.0 118.0 18.9 118
28 0 18.7 12.2 131.6 19.6 123
3la ¢ 19.2 10.3 112.3 17.8 113




Table 82.--Limnological data--Columbia River, April 2, 1969

Station Total

code Dejpith Temp , Spill flow Oxygen Nitrogen

number M, °c. 100 ¢.m.5. 100 e.m.s. P.p.m. DPercent P.p.m. Percent
16 0 8.9 13.7 118.3 21.8  11h
LT 10 8.3 11.8 100.4 20.3 105
18 o) 8.9 35.9 35.9 14.0 120.9 23.3 122
19a, 10 8.3 : 1.9 126.8 24,9 129
20 0 8.3 23.8 36.5 15.0 127.7 sh,s 127
3la 3 7.5 14,7 122.6 23.4 119
32b 0 7.4 62.1 102.0 15.0 12k.8 24,8 126

i

Table 83.~-Limnological data--Columbis River April 8, 1969.

Station Total
code Dewth Temp Spill flow Oxygen Nitrogen
mumber M. .. 160 c¢vm.s. 100 cem.8. P.p.m. Percent P.p.m. Percent
25b 3 9.0 13.1 113.h4 - -
o8 3 9.0 14%.9 129.0 - -
30 o 9,0 13.1 1i3.k4 23.2 122
36 0 8.5 12.3 105.1 22,5 117

Teble 8k,~-Limological data--Columbia River, April 16, 1969

Statlon Total .
code Depth  Temp. Spill f1ow Oxygen Nitrogen
number M. °c. 100 cum.s., 100 c.m.s. P.p.m. Percent P.p.m. Percent
17 C 10.0 11.1 98.5 20.3 109
17 10 9.4 11.2 97.9 20.1 106
18 o 10.0 33.8 33.8. 13.3  118.0 22.4 120
19a 0 10.6 . 13.6 1lez2.h 2.9 135
19a 10 10.6 13.5 121.5 k.1 131
20 0 10.0 23.2 33.4 13.0  115.4 21.8 117
23b 0 144 12.9 126.8 21.8 127
25b 3 10.1 12.7 113.0 22.7 122
27 ¢ 9.3 1%.0 122,1 25.2 133
28 3 9.7 1%.5 127.8 26.0 138
3la 3 9.6 13.7 120.h4 2h.0 128
32b 0 9.6 79.2 108.9 13.8 121.3 25.1 133
36 0 9.7 12.6 111.0 23.3 124
38 o) 9.2 12,5 108.8 23.2 122
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Table 85.~-Limnological datas-Columbia Rivey May 7, 1969

Station Total

code Depth Tems. Spill flow - Oxygen - Nitrogen

number- M. °C. 100 e.m.s. 100 c.m.5. P.p.m, Percent F.p.m. Percent
15 0 10.6 11.8  106.2 21.1 11k
17 0 12.8 ' 10.8 102.4 19.0 108
7 10 12.2 10.4 97.2 17.8 100
18 0 12.8 2R.9 28.9 13.6 128.9 2k,3 138
19s, 0 12.2 _ 13.6  127.1 2h.3 136
19a 10 12.2 - 13.7 128.0 25.9 145
20 0 11.1 16.1 28.8 13.3 121.1 23.9 131
25b 3 12.5 12.5 117.7 22.9 129
28 3 11.2 : 14,1 128.8 26.2 14k
3la "3 11.3 13.3 121.7 23.3- 128
37 0 10.8 12.1  109.k 2.3 121

SN

Table 86.--Limnrlogical deta--Columbia Rivey Mey 21, 1969

Station . ' : Total .
code Depth  Temp.  Spill flow Oxygen Nitrogen
number M. °cC. 100 ¢.m.8. 100 c.m.s. P.p.m. Percent P.p.m. Percent

15 0 1h.5 11.5 113.3 19.7 115
17 0 12.2 10.7 100.0 19.5 109
17 1.0 11.7 10.6 98.0 19,0 105
19a 0 12.8 12.6 119.4 2,6 139
19a 10 12.2 12.9 120.6 2h. b 136
20 0 12.8 38.1 50.9 12.%  117.5 22.6 128
28 0 13.1 - 13.4 127.9 2h,2 138
28 10 13.2 - 13.6 130.1 - 25.1 143
3ls 0 13.5 , 12,5 120.4 21.5 123
318 10 13.5 : 12.6  121.h4 22.1 127
32a 0 13.7 , 12.6  122.0 22.1 127
35 0 13.2 ' 11.5 110.0 21.7 12k
37 0 13.8 1.4 110.6 2.7 125
37 10 13.8 : : 113  109.6 22.6 130
39 Q 13.9 11.3 109.9 22.0 127
39 10 13.9 11.3  109.9. 21.7 125
40 0 1k.0 11.0 107.2 21,0 122
21.5 124

10 10 13.9 . 11.2  108.9




.
Table 87.w~~Limnological data--Columbia Rivey June 5, 1969

Station Total

code Depth Temyp . Sp11l flow Oxygen Nitrogen
number M. °a. 100 c¢.m.g. 100 c.m.8., P.p.m. Percent P.p.m. Percent
15 0 14.8 11.9 118.1 o21.4h 126
17 0 15.0 9.6 95.7 18.6 110
17 10 15.0 10.2 101.7 19.5 115
18 0 15.1 25.7 31.2 13.0 129.9 23.1 136
19s, 0 14.8 12.2 121.1 23.7 139
19a, 10 1k.6 12.8 126.5 23.0 135
20 0 14.8 17.2 29.7 12,7 126.0 22.0 129
23a 0 15.8 11.8 119.7 20.8 12k
238, 10 15.3 11.3 113.3 20.9 124
23h 0 15.2 11.6 116.1 22.0 130
23b 10 15.0 11.¢ 118.6 21.6 127
ol 0 15.2 11.8 118.1 22,1 131
2 0 15.3 59.9 100.9 12.6 126.4 23.7 150
25b 0 16.2 11.6 118.7 21.3 128
25h 10 15.6 11.7 118.2 2.1 132
26b 0 15.% . 65.6 105.1 13.% 13h.7 oh.1 143
28 0 15.4% 11.6 116.6 23.2 138
28 10 15.4 12.9 129.6 . 23.3 138
29 0 15.4 66.0 101.3 12.6 126.6 23.3 138
3ls 0 15.8 i1.3 11h.6 20.3 121
3la 10 15.6 11.3 11h.1 20.8 124
32b 0 15.7 67.0 105.5 13.0 131.6 £3.2 138
36 0 16.5 11.1 114.3 20,4 123
38 0 16.2 10.7 109.5 20.3 122
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Table 88.--Limnological data--Columbiz River, June 17, 1969

Statlion . Total .

code Depth  fTemp. Spill flow Oxygen Nitrogen

number’ M. °C. 100 ¢.m.s. 100 c.m.s., P.p.m. Percent TP.p.m. Percent
15 Q 15.6 11.6 117.2 20.0 119
17 0 17.9 : 9.3 98.7 16.7 103
17 10 7.7 8.8 93.0 16.0 99
18 0 17.8 17.2 22.6 1l.2 118.6  20.6 127
19a 0 18.0 : ' 11.h 121.3  20.8 129
19a 0 174 . 11k 119.7 20.8 128
20 0 7.6 9.7 22,2 11.0: 116.0 - 21.0 129
23z 0 7.8 11.5 121.8 19.8 123
23a 10 17.1 _ 11.2 116.9  20.3 124
23b 0 7.7 _ 10.9 115.2 19.8 122
23b 10 17.% 11.3 118.7 19.3 119
2ha, 0 17.0 _ 0 10.6 110.3 18.9 115 .
2hb 0 16.9 yho7 93.4 - 13.5 . 140.2 2k.1 147
25b 0 18.k 11.8 126.6 ~ 21.2 132
25b 10 17.6 11.7 123.% 20.9 129
26b 0 17.8 64.9 100.0 11.8 125.0° 22.6 140
28 0 17.6 ‘ 12,2 128.7 21.8 134
28 10 17.6 : 12.6 132.9 22.5 139
29 0 17.6 32.7 91.7 11.5 121.3 21.5 132
3la ) 17.8 . 12.1 128.2 21.6 134
31b 10 18.0 12.1 128.7 21.4 133
32b 0 18.0 61.h 96.6 12.3 130.9 22.4 139
36 0 19.2 - 10.4 113.4 19.9 126
38 0 19.5 10.2 111.8 18.9 120




Table 89.--Iimnological data--Columbise Rivex July 1, 1969

Station Total .
code Depth  Temp. Spill flow Oxygen Witrogen
number M. °c. 100 ¢.m.5. 100 c¢.m.s. P.p.m, Percent P.p.m. Percent
15 0 16.0 11.6 118.1 21.1 127
17T ¢ 17.0 10.4 108.2 16.9 103
17 10 16.0 ‘ 10.1 102.9 16.8 101
18 o 16.2 11.6 17.3 13.0 133.1 23.1 139
19 0 17.2 12.2 127.6 19.7 121
19a 10 16.8 11.5 119.2 20.3 123
20 0 17.1 4.9 17.1 11.9 12k.2 20.1 123
23a 0 18.1 11.8 125.8 19.2 119
23a 10 7.6 - - 19.5 120
23b 0 17.5 11.5 121.1 £0.1 12k
23h 10 17.0 11.5 119.7 20.0 122
2he, 0 17.3 11.2 117.4 19.3 118
241 0 7.4 37.7 89.8 2.7 133.4 22.8 140
25b 0 18.4 10.6 113.7 18.4 115
25b 10 17.6 10.7 112.9 18.7 115
26b 0 17.6 5h.5 90.1 12.8 135.0 £3.9 147
28 0 17.8 12.5 132.4  21.8 135
28 10 17.5 12.6 132.6 22.2 137
2G o} 17.4 3%9.1 87.4 11.8 123.9 21.0 129
3la 0 17.4 - - 20.8 128
3la 10 17 11.8 125.0 20.9 129
32b 0 17.5 Sh.1 91.9 12.9 135.8 22.0 135
36 0 18.7 11.5 12kt 19.3 121
38 0 17.6 11.1 117.1 19.1 118
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Total

Station _ 2 2
code Depth  Temp. Spill flow Oxygen™ Witrogen
number M. °C. 100 ¢.m.s. 100 ¢c.m.s. P.p.m. Percent P.p.m. Percent
17 0 20.4 9.2 103.4 17.8 115
10 20.3 : 8.0 89.2 15.8 102
18 0 20.4 4.5 9.6 10.4 116.2 18.4 119
19 o} 20.6 : 9.k 106.1  16.8 109
10 20.0 9.5 105.3  18.9 121
20 0 19.9 2.2 9.3 9.4 10hk.00 17.1 109
15 0 17.6 10.9 115.0 19.1 117
23a 0 19.% 11.3 124.3 18.8 119
_ 10 18.5 10.7 115.6  18.0 113
23b 0 19.0 10.9 118.9 19.1 121
' 10 18.4 10.4 111.6 18.1 113
2ha 0 18.5 _ 10.5 113.4  .18.% 115
24b 0 18. 23.7 67.7 12.0 129.7 20.7 130
25a o 20.0 9.9 110.3 16.1 103
10 19.4 9.7 106.2  '17.5 111
26b 0 18.9 36.8 71.0 12.7 138.1  22.4 1
28 o 18.9 11.7. 127.3 20.3 128
10 18.9 C11.h 123.5 20.0 126
29 o 18.9 28.8 68.6 11.1 120.3 '19.3 122
31la 0 18.9 1.1 120.3 19.5 123
10 18.9 10.4 113.2 18.5 116
32a, 0 16.9 11..9 129.5 22.7 143
32b 0 18, 31.6 68.9 10.7 115.9 18.0 113
33a 0. - 19.2 _ 11.5 125.4 21.0 133
3L 0 19.4 1.7 128.1  19.8 126
36 0 19.4 11.3 - 123.8 18.0 115
38 0 20.0 10.2 113.1 18.4 118




Table 91.-~Limnolcglcal data--Columbia River, August 5, 1969

Station Tots)

2 ]
code Depth Temp . SplL11 flow Oxygen Nltrogen
number M. °n. 100 ¢om.s. 100 ¢c.m.s. P.p.m. Percent P.p.m. Percent
17 0 22.4 7.2 83.7 1.7 98
10 22,4 7.5 87.2 15.0 100
38 2.4 T.2 83.7 - -
18 0 20.4 0.4 6.1 7.7 89.5 15.0 100
16 0 22.6 7.8 91.7 15.6 104
10 20,5 6.8 79.8 - -
33 22.4 6.7 T7.9 - -
20 o) 22.5 5.5 7.8 90.9 14,7 98
15 - 0 18.6 10.3 110.9 17.2 108
23a 0 20.2 9.2 103.0 16.1 10k
10 20.0 9.4 10k4.2 16.8 108
23b 0 20,2 9.4 104.7 16.3 105
10 20.1 - - - -
2ha 0 20.2 9.4  10k.7 17.0 109
2kb 0 20.3 30.2 - 9.6  107.0 16.7 108
258 0 20.6 8.7 o7.6 - -
10 20.6 . - - 14.7 95
26b 0 20.6 C.3 38.3 8.6 96.5 16.4 106
28 0 20.2 - 8.6 95.8 16.0 103
10 20.2 8.1 90.8 15.5 100
29 0 20.2 41.6 8.T  96.9 16.9 109
3la . 0 19.8 8.7 96.8 15.3 98
10 19.6 8.7 96.2 15.3 97
32a 0 19.5 9.0 98.7 16.0 102
32b 0 19.5 0.7 34.5 9.4 103.1 17.7 113
36 0 20.3 ‘ 8.5 94.8 16.0 103
38 0 19.8 7.6 83.9 16,1 103
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Table 92.,--Limnclogical data--McNary Dam - Split-leaf Spili Test,
June 2k and 26, 1969 : .

Btatioh i Total -

code Depth Temp., - Spill flow Oxygen Nitrogen
number M. . °C. 100 ¢.m.s. 100 c.m.s. P.p.m. Percent 7P.p.m. Percent
June 24
15 3 16.1 11.2 114.4 18.9 114
C 2l 3 -18.6 10.7 115.2  17.6 110
234 0 16.7 10.8 111.7 -17.8 108
10 16.7 10.9 112.7 - -
23b Q 16.7 10.4 107.5 - -
10 - 16.7 10.5 108.6 17.8 108
oha 0 - : . - - . -
2hh 0 16.7 34,7 79.3 13.2 136.9 21.7 132
3 16.7 13.0 13k.4 - -
Tune 26 - :
233, o} 17.2 o 10.5 109.8 17.4 107
10 16.9 10.3 107.0 7.5 107
23b 0 C16.7 10.2 105.5 17.9 « 109
10 16. 9.8 101.3 17.5 106
oha, 0 17.2 10.2 106.7  18.6 11k
3 17.2 : . : 10.2 106.7 - 18.9 116
2hp 0 17.5 35.5 78.8 12.4 130.5 - 22.1 136
3 17.5 12.3 129.5 £2.3 137




Table 93.~-Limnological data--Middle Snake Riven March 29, 1969

4

San Total ‘ -
pling Depth  Temp. Spill Flow Oxygen Niltrogen
site M. °c. 100 ¢.m.8. 100 ¢.m.s. P.p.m. Percent P.p.m. Percent
Brownlee
Dam
Forebey 3 8.0 9.8 82.8 18.5 95

Oxbow 9 7.6 13.6 113.7  22.h 11k
Dam
Forebay

Oxbow 0 8.0 : - 13.7 115.8 22.7 117
Dam '
Tailrace

Hells Canyon O Tob 13.3 110.6 22.8 116
Dam E ‘
Forebay

Sneke River 0O T.T 12.3 103.1 20.5 105
ahove
Mouth of
Grande Ronde
River




Table 94.--Limnological data--Washougal River. Mouth, June 5. and 17, 1969

Station . ' Total
code Depth  Temp. Sp.11 " flow Oxygen Nitrogen
number M., °c. 100 e.m.s., 100 c.m.s., P.p.m.,. Percent P.p.m. Percent
. . June 5 |
 33a 0 17.0 12.9 . 1342 23.3 1k
33b 0 18.8 9.3  100.5 17.h 109
33c¢ 0 16.9 . 12.9° 1340 23.6 1k
| June. 17
33a 0 19.0 11.9 129.2 21.9 138
33b 0 £3.5 8.7 103.3  15.8 107
33c 0 19.0 12.0 130.3 21.8 138
Teble 95.--Limnological deta--Bstuary Columble River, May 20, 1969
Station . | . Total L
code Depth  Temp. Spill flow Oxygen Nitrogen -
pumber M. - °C. 100 ¢.m.s., 100 c.m.s. P.p.m, Percent P.p.m. Percent
35 0 13.2 1L.5 110.0  21.7 12k
37 0 13.8 - 1.4 110.6 21.7 125
37 10 13.8 ' 11.3 109.6 22,6 130
39 0 13.9 13.9 109.9 22,0 - 127.
39 10 13.9 : 11.3 109.9  -21.7 125
ko 0 14.0 11.0  107.2 21.00 122

Lo 10 13.9 11.2 108.9 21.5 12k

60



